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IT PBEFACE. 

on " Standards of Measure," and that of Professor Miller on the 
"Standard Pound." (In the Second Edition, those comparisons 
were brought into conformity with the work of Captain Clarke, 
R.K, on " Standards of Length"). 

The Third Part relates to Engineering Geodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of railway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwoit. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity^ 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures^ 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at Tiniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machinery. In the course of this Part^ rales are 






given for the resistance of earriages on roada and railways, thft 
tractive power of locomotivea, and the ruling gradients of railways 
Vbo Part concludes with rules aa to the power of horses and other 

limala, and of men, and a table of the quantity of labour required 
iperationa. 

In the Eighth Part are giyea rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given- 
head ; the dimensions of the pipe or channel required to discharge 
water at a. given rate with a, given head; and the strength of water- 
pipes. Then foUow rules for the designing of hydraulic prime 
mOTers; such as vertical water-wheels, overshot or undershot, and 
tarbioes ; then rules applicable to windnulla. Lastly, rules are 
given for the estimation of the reaistunce of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
iDstruraents of different kinds, jeta, paddles, or screws, and of the 
engine-power required to drive them ; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Fait relates to Heat and the Steam Engine. It con- 
tains a Eystem of mloa and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it ia believed has not hitherto been 
attained, for determining the relations between worlt done and 
heat expended in any actual or proposed steam engina Those 
are followed by rules for fixing the leading dimensions of the 
piiucipal parts of an engine required to do a given duty under 
given circumstances: for the heating power and the expenditure 
of fuel: for the efficiency and dimensions of furnaces and boili 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text 
plate containing a pair of diagrams of the mechanical properti 
steam, by the use of which much of the labour of calculation may 
be naved; and this is followed by a very full alphabetical index. 

In this Third Edition various correctiona, amendments, and 
additions have been made. 

W. Z. U. "?- 

OiMaow TJxrvxBSixs, IS6S. 
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Addenda. 

Approximate Rules for Safety Talres. (See also p. 303.) — To 

find the area of actual opening required. Divide the area of 
heating surface in square feet by 3 (or the area in square inches 
by 432) ; divide the quotient by the absolute pressxire in pounds 
on the square inch : the final quotient will be the area required 
in fractions of a square inch. 

N,B, — This is based on experiments made with circular valves 
having a lift not exceeding ^ of diameter. 

Given the proportion of lilt to diameter and the area of opening 
to find the area of the circular valve seat. Multiply the area of 
opening by \ of the ratio in which the diameter is greater than the 
lift. Special rules for valves in which, with a pressure of 10 pounds 
above the atmosphere, the valve is to rise not more than ^ of the 
diameter of the valve seat. To find the area of the circulBf valve 
seat. Divide the area of heating surface by 2000 ; the quotient will 
be in the same sort of measure with the area of the heating surface. 
To insure the same proportionate rise with a greater minimum pres- 
sure, the area should be varied inversely as the absolute pressure. 
To insure the same proportionate rise with a less minimum pressure, 
the area of valve seat should be made to vary inversely as the square 
root of the efiective minimum pressure above the atmosphere. 

Proportions of British and French Measures.— In the Compara^ 

tive Tables of Measures contained in this volume, the value of 
the standard metre in inches is taken as ascertained at the 
British Ordnance Survey Office, viz., 39 '37043. 

Such is the true scientific value of the metre : it has been shown, 
however, by the British Commission on Standards (see Appendix 
to Fifth Report, p. 198) that the commercial metre, owing to ex- 
pansion by heat, is longer than the scientific metre, being 39*38203 
inches. The difference is 0*0116 of an inch in each metre; that 
is to say, very nearly 0*295 millimetres in a metre. 

Standard Oaiion.— In the Act of Parliament relating to this 
subject the definition of the gallon as being the capacity of 10 lbs. 
of pure water at 62° Fahr. is that first given, and is obviously to be 
always followed when practicable. The alternative definition of 
277*274 cubic inches is given as a means of determining the 
gallon when the first-mentioned method is impracticable. The 
second definition, however, is by £ia,r the more frequent in popular 
and even in scientific use. It makes the gallon greater than the 
first definition does in the proportion very nearly of 1*00064 : 1. 

Finid Onnce By an Order in Council, of the year 1871, a fluid 

ounce is recognized as being one-one-hundred-and-sixtyth of a 
gallon. 
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PART I. 

NTJMBEES AND FIGURES. 

Table 1. — Squabes, Cubes, Eeciphocals, and Oommok 
LooASiTHua OP Numbers from 101 to 999. 



Squares, Cviea, and Redprocah, 

1. The aquare, cube, and reciprocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 fullowed by twice 
n many nongbts aa tbere ai'e in the original number j for example, 
tO*=100; 1002 = 10000, ic. 

3. The cube of any integer power of 10 is 1 followed by thrice 
>a many noughts aa there are in the original number; for examph 
I0» = 1000; 100* = 1000000, ic. 

^^^ 4. The reciprocal of any integer power of 10 ia 1 preceded by a> 
lecim^ point, and by one nought fewer than the original number^* 
)ntein& For example, 



= ■01; 



= ■001, io. 



5. The table gives the squares and cubes of all integer numben 
insisting of three figures. To find the square and cube of any 
iteger number conaiating of two figures or one figure; annex one 
: two nonghta, as the case may be ; look for the number bo formed 
I the left-hand column, take the square and cube opposite to i^ 
id omit the noughts from theright of eachof them. For exampl^ 
I find the square and cube of lo; look for 1£>0; then we find 

Komber. SquDro. Cobs. 

150 23500 3375°°° 

va. vliich, omitting the noughts, we obtain 



I 



3 NUMBERS AND FIGURES. 

Again, to find the square and cube of 7, look for 700; then we 
find 

Number. Square. Gube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figures followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example. 

Number. Sqnare. Gube. 

377 142129 53582633 
3770 14212900 535S2633000 

37700 ' 142 1 290000 53582633000000 

and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number wei*e an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example. 



Number. 


Squara 


Gube. 


377 


I42129 


53582633 


377 


1421*29 


53582633 


377 


14*2129 


53582633 


•377 


•I42129 


•053582633 


•0377 


•OOI42129 

and SO on. 


'OOOO53582633 



8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the right of 
the original number, a nought is to be inserted at the left of the 
reciprocal ; and for every place of decimals that is cut off at the 
right of the original number, the decimal point is to be shifted one 
place to the right in the reciprocaL For example, 



Number. 




ReciprocaL 


160 




•00625 


1600 




•000625 


16000 




•0000625 




and 


SO on; 


16 




•0625 


I -6 




•625 


•16 




625 


•016 




62-5 


•0016 




625 




and so on. 




fERS — RECIPROCALS — LOOARlTHHft- 

9. The reciprocal of tLe reciprocal of a number is tlie original 
number itself. For example, 

The reciprocal of i6o is 'oofizg 

The reciprocal of '00625 ia ifio 
Hence, when convenient, the reciprocal of a number may BOme- 
times bo found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of original numbers. 

10. To reduce a vulgar fraction to a decimal fraction; multiply 
the reciprocal of the denominator of the vulgar fraction by the 
nnmerator. For example, to reduce ll-ltiths to a decimal 
fraction; 

Eeciprocal of 16, -0023 

X Numerator, 11 

JToTE. — The only numbers whose reciprocals can be expressed 
veaeUy in decimal fractions ai-e 2, 5, and their powers and pro- 
dacts. Numbers divisible by any other prime factor give either 
repeating or circulating decimals as their recipi-ocals. 

11. The square of the product of two numbers is the product of 
their squares; thecubeof their product is theproduct of their cubes. 
For example, 

1998^= (999 X 2)2 = 999^ x 2» 

= 998001 x4 = 399200ij 

1998» = (999x2)» = 999»x33 

= 997002999 x 8 = 7976023992. 

12. To 6nd the square or cube of a quotient or fraction; divids 
the square or cube of the dividend or numerator by the square or 
cube of the divisor or denominator. For example, 

13. To find the square of the sum of two nurabere; add together 
their squares and twice their product. For example, to find tlM 
square of 37725 = 37700 + 25 j 

377002 = 1421290000 

25«= 625 

37700 X 25 X 2 = 1885000 

37725S .= 1423175625 Sum. 

14. To find the square of the difiiirence of two iivimtoeta', Itwsi 




lERS AND FIGUBEB. 

the Bura. of their Bqnarea subtract twice their product. Examplofl 
to find the sciimre of 37725 = 37S0O-75; 

378003 = 1428840000 
75^= S625 

37800x75x2 ^ 

m-ia^ (aa before) H23175635 Rei^iainder. 

15. Tofind thecubeof theaumof twonumbera; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25; 
377008 = 63582633000000 
25S= 15625 

377002x25x3 

= 1421290000 X 25 X 3 = 106596750000 
37700 >: 25^x3= 70687500 

377253=. 536893U0453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three timea its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800-76; 

37800^ = 64010152000000 

='™ « «' ^ =- 521?™?? 54010789875000 Su^ 

321489421875 guM. 
37736* (as before) 5368D300453125 Dig. 

SxtracHon ofSqttare and Cube Roots. 

17. For convenience in the extraction of roota, the squares in 
the table are divided into peritids of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only; 
and the cnhes are divided into periods of three figures, commencing 
at the right, the left-hand period sometimes containing two figurea 
or one figure only. The number of periods in the squai-e and the 
cube respectively ia the same with the number of figures in the 
root, or original number; and should there bo a decimal point 
between two figures of the root, the decimal points in the square 
and cube reapectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

18. To find tlie square root of an exact squai'e of not more than 




NJWEE3 — BECIPBO CALS — LOOARITK US. 

ix figures; divide tte given square into jwriods of two figiire% 
Iffiginniiig at the decimal point ; look iu tbe ctJumn of squares foe 
tile same figurefl, similarly divided iatO' periods; the root will ba' 
Opposite. Then place the decimal point so that the root shall bava 
tie same number of integer figures that the square has of integer 
Beriod^. 

19. To extract the approximate square root of a given number 
lat is not an exact square, correct to three figures; divide the 
iven number into periods of two figures, compeacing at the 
Kimal point; then look in the columu of squares for the nearest 
[uare Hiat has tite same left-lMnd period with the given number ; the 
>ot opposite that square will give tlio first three figures of the 
equireil root. Tben place the decimal point as directed in 
*nule 18. 

iO. To extract the approximate square root of a given number 

laving three periods of figures that is not an. exact square, correct 

five places of figures. For the first three figures, take the root 

f that square iu the table which is nest below the given numbepj 

d hag Ha lejl-liand period Hie same. Subtract that square from. 

3 given number; anu*x two noughts to the remainder; then 

vide it by the sum of the three figures found and the next greater 

' 1 the table ; the integer figures of the quotieat will be the 

) additional figures of the approximate root. (Should there 

but one integer figure in the quotieat, insert a. nought 

.it) 

EZAMPLIS OF BULEa 18, 19, AND 20. 

I. Extract the square root of I4:21'29. Divide this number 
jto periodu of two figures, thus, li 21 "29. Then amongst 
lie squares in the table whose left-hand period is 14 is- found 
42129, the square of 377; so that the' given number is an 
ract squai-e. The decimal point coming between tlio second and 
liird pei'ioda of the square shows that the decimal jioiut comea 

'iweeo the second and third figures of the root; which is thero- 
e 37-7. 

II. Extract the approximate square root of 1423-18, correct to 
'[ree figures. Divide the number into jieriods of two figui'es, thu(^ 

I 23 -18. 

Given number, 14 23 -IS 

Nearest squai-e of which the \ ij gi .go — "Vj-'Z 
left-hand period is 14, J ~ 

herefore 37 '7 is the approximate root required. 
TfT- Extract the approximate square root of 1423'18, correct, ta I 
re Ggui'Gfi; 
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b NUMBERS AND FIGURES. 

Given number, in periods as before, 14 23 -18 

Next less square in the table, 14 21 '29 = ST'T^ 

Divide by 377 + 378 = 755 ) 1 8d00 Diff: 

Quotient, being the two additional figures required, 25} 

37*725, approximate root. 

Note. — It is essential that the le/l-homd period, and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand period is 
only 1 instead of 14; and it would be a great error to take 119 as 
an approximation to the root required. 

The same remark applies to the mles for extracting the cube 
root, now about to be given. 

•21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into periods of three figures, 
beginning at the decimal point; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cube, correct to three figures; divide the 
given number into periods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube that lias the sa/me left-hand period with the given number ; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
having three periods of figures that is not an exact cube, correct 
to five places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
and lias its left-hand period the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3 ; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there be 
but one integer figure in the quotient, insert a nought before it). 

Examples of RiHiES 21, 22, and 23. 

I. Extract the cube root of 53*582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
53*582 633. Then amongst the cubes in the table whose left-hand 
period is 53 there is found 53 582 633, the cube of 377 ; so that the 
given number is an exact cube. The decimal point coming between 



It^e first and second periods in tbe cube eIiowb t])at the deoimal I 
J^int comes between tbe first and aecond peiiods in the Footjl 
■which is therefore 3'77. 
II, Extiuct tlie approximate cube root of 53'6893, correct to I 
three figures. Divide tbe number into periods of tlii'ee figure% I 
thus, 53'6a9 300. Then we have. 

Given number, 63- 689 300 

nearest cube of which the \ 
left-hand period is 
Therefore 377 is the approximate root required. 

III. Extract the approximate cube root of 53'C893, correct ti 
five figures. 

"' ' 'a periods i 



U3- 582 C33 = 



Divide by 377 ) 106 667 00 Dif. 
Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 
3 '7 7 25, approximate root. 

Use of Squwres for Multiplication. 
24. To mnltiply two numbers together by means of a tabic at ] 
squares. 

Oase I. If both numbers are odd, or both even; from the square 
of their half-sum mibtraet the square of their half-difference; the 
remainder will be the product required. 

Ca£E II. If one number is odd, and the other even ; subtract 
1 from the even nnmber, so iia to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the auox , 
will be the product required. 

Example I.— Multiply together 377 and 591 
Half-sum, -^ = 484; its square, 234256 



Product required, 222807 
EsAHPLB II.— Multiply together 377 and 692. 
377 X 591, by Case I. =222807 
Add 377 
Product required, 2231^4 



8 NUMBERS AND FIOUBES. 

Common Logarithms, 

25. The logarithm of 1 is 0, 

26. The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in the power ; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of •! is — 1, and that of any power 
of *1 is the index of that power with the negative sign; that is, it 
is equal to one more than the number of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of '01 is— 2; that of -001, — 3; and so on. 

28. The logarithms given in the table are merely the fractional 
parts of the logarithms, correct to five places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index ; 
that is to say, for numbers less than 1 and not less than *1, the 

index is 1; for numbers less than '1 and not less than '01, the 

index is 2 ; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists^ and not upon the place of the decimal point amongst 
them. 



Examples. 




Nmnl)er. 


Logarithm, 


377000 


5-57634 


37700 


457634 


3770 


357634 


377 


257634 


377 


1-57634 


377 


0*57634 


•377 


1*57634 


•0377 


^57634 


•00377 


i'Sl^i^ 


and so on. 






— EECIPEOCAIS — LOQAHITHMR' 

29. The logarithm of a product is the Bum of the logarithms of 
its &ctot8. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found hy suhtraotiDg the 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by dividing the logarithm 
of one of its powers hy the index of that power, 

ifoTE. — In applying the principles 29 and 31 to logarithms of 
numbera less than 1, it ia to be observed that negative indices are 
to be siifatraeted instead of being added, and added instead of being 
Eubtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common praetice to put, instead 
of a negative index to the logarithm of a fi'action, the complement I 
(as it is called) of that index to 10 ; that ia to say, 9 instead of T, 

8 instead of 2", 7 instead of 3, and bo on. In such caaea, it ia always | 
to be understood that each such complementary ii ' ' 
combined with it; atid to prevent mistakes, it is useful to pretix 1 
' — 10+ to it J for example, 

Vi.mhar Logariibm with LoKariihin wiUi 

NagnUte IndBt ComplomBiiIarj Indt* 

■377 r5763i -10 + 9-57G3i 

-0377 2-57634 -10 + 8-5763i 

■00377 3'5763i -10 + 7-57G34 

34. To find the fractional part of the common logarithm 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figtires, and the difference between 
tliat logarithm and the next greater logarithni in tlie table; mul- 
tiply that difference by the two remaining figures of the given 
uamber, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

EiAittLE. — Find the common logarithm of 37725, 

Log. 377, 57634 

Log. 3T8, .57749 

Diflerence, 115 

K 25 4- 10 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Am 

35. To find the natural number, or anMlogarithm, cnrresponding 
to a common logarithm of five places of decimals, which ia not in, ' 
the table; find the next less, and the next grcatet \to^a.-n!iksa. '^^ I 



10 NUMBERS AND FIGUBES. 

the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogarithm of the common logarithm 
•57663. 

Next less log. in table, 57634 

Kext greater, 57749 

Difference, 115 

Given logarithm, 57663 

Subtract log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

80 that the answer is 37725. 



Explanation of Table 1a and Table 2. 

Table 1 A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inclusivOb 



^^^^^^^^^^F 11 ^^^^^H 


1 


Bn^ 


Square. 


Cubr, 




c.L=e- 


1 


Bjoi 




1 030 301 


■009900990 


00432 


■ 


^1 I02 


10404 


1 061 208 


009803923 


00860 


^ 


H i°3 


... 106 09 


...1093737 


009708738 


01284 




■ l°4 


10816 


1124864 


009615385 


01703 




■ los 


11025 


1157625 


009533810 


03I19 




1^ io5 


... I 123s 


- H9toi6 


009433962 


03531 




loj 


114+9 


I 235 043 


009345794 


02938 


M 


io8 


11664 


1259712 


■009259359 


03343 


■ 


109 


... I 18 81 


•■■ 1295029 


009174313 


03743 


■ 




I 31 00 


I 331 000 


009090909 


04139 


■ 




. T33 2I 


1 367 631 


009009009 


04533 


■ 


iia 


... 135 44 


... 1404938 


008938571 


°4922 


■ 


"3 


12769 


1442897 


008849558 


05308 


1 


114 


12996 


1481544 


008771930 


05690 






... 13335 


-1520875 


■00869565a 


06070 




116 


13456 


1 560 896 


008630690 


06446 




117 


13689 


1601613 


008547009 


06819 




ii3 


... I 39 24 


■■■1643033 


008474576 


07188 




119 


141 61 


1 685 159 


008403361 


07555 








1728000 


■008333333 


07918 




121 


... 14641 


-I77156I 


008264463 


08279 




133 


14884 


1 815 848 


008196721 


08636 




133 


15129 


1860867 


008130081 


08991 




134 


... 15376 


... 1306634 


008064516 


09343 




'^5 


15635 


I 953 125 


■008000000 


09691 




136 


15876 


2000376 


007936508 


10037 




137 


... I 61 29 


-30+8383 


007874016 


10380 




138 


16384 


3097 153 


007813500 


10731 




139 


16641 


3146689 


007751938 


1 1059 




130 


...16900 


... 2197000 


007692308 


11394 




131 


17161 


3248091 


007633588 


11727 




133 


17424 


3 299 968 


■007575758 


12057 




133 




...2352637 


■007518797 


13385 




134 


M95S 


2 406 104 


007462687 


12710 




135 


18325 


3460375 


007407407 


13033 




136 


... 18496 


-2515456 


007353941 


13354 




137 


18769 


2571353 


007399370 


13673 




»38 


19044 


3638073 


007346377 


13988 




139 


... 19321 


... 3685619 


007194345 


I430I 




140 


19600 


2744000 


007142857 


14613 




141 


I 9881 


3803331 


007092199 


14933 




14a 


..,20164 


... 3863388 


007042254 


15329 




143 


3 04 49 


a 934 207 


006993007 


15534 




L "44 


20736 


3 985 984 


006944444 


I5»7.« 




MM5 


3 ID 25 


3 048 625 


006896552 


\ -vfe'-^A 






IT 






J 





12 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


146 


2 13 16 


3 112 136 


•006849315 


16435 


T^41 


2 1609 


31765^3 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


-006756757 


17026 


149 


2 22 01 


3 307 949 


•0067 1 1 409 


17319 


150 


2 2500 


3 375 000 


•006666667 


17609 


151 


... 2 2801 


... 3442951 


^006622517 


17898 


152 


23104 


3 511 808 


•006578947 


18184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 237 16 


... 3652 264 


-006493506 


18752 


155 


24025 


3723875 


•O06451613 


19033 


156 


24336 


3796416 


•006410256 


I9312 


157 


... 2 46 49 


... 3869893 


-006369427 


19590 


158 


2 4964 


3944312 


•006329114 


19866 


159 


25281 


4019679 


X06289308 


20140 


160 


... 25600 


... 4096000 


-006250000 


20412 


161 


25921 


4 173 281 


•0062 1 1 180 


20683 


162 


2 62 44 


4251528 


•006172840 


i 20952 


163 


... 2 65 69 


.- 4330747 


-006134969 


21219 


164 


26896 


4410944 


•006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


... 4 574 29<^ 


-006024096 


' 220II 


167 


27889 


4 657 463 


•005988024 


22279 


168 


282 24 


4741632 


•005952381 


22531 


169 


... 28561 


... 4826809 


-005917160 


22789 


170 


28900 


4913000 


•00588235^ 


23045 


171 


2 9241 


5 000 211 


•005847953 


23300 


172 


... 29584 


... 5088448 


-005813953 


23553 


173 


2 9929 


5177717 


•005780^47 


23805 


174 


302 76 


5 268024 


•005747126 


24055 


175 


... 30625 


••^5 359 375 


-005714286 


24304 


176 


30976 


5451776 


•OO5681818 


; 24551 


177 


31329 


5 545 233 


•0056497 181 


2479X 


178 


... 3 1684 


— 5639752 


...... -005617978 


25042 


179 


32041 


5 735 339 


-005586592 


25285 


180 


32400 


5 832 000 


•005555556 


25527 


181 


... 3 2761 


... 5929741 


...... -005524862 


25768 


182 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6128487 


•005464481 


26245 


184 


... 33856 


... 6 229 504 


'005434783 


'. 26482 


185 


34225 


6 331 625 


•005405405 


26717 


186 


34596 


6 434 856 


•005376344 


26951 


187 


... 34969 


... 6 539 205 


-005347594 


27184 


188 


3 53 44 


6644672 


-00531 91 49. 


27416 


189 


35721 


6751269 


•00^5291005 


27646 


T90 


361 00 


6 859 000 


•005263158 


27875 



^B 


^H 




^^^ 


^H 


■ 


No. 


Square, 


Cube. 


RedpiDcoL 


CLog. 




igt 


3648T 


6967871 


■005235602 


38103 




19a 


36864 


7 077 888 


■005308333 


28330 




»93 


... 37349 


... 7189057 


-005181347 


28556 


■ 


11)4 


37636 


1 301 384 


■005154639 


38780 


■ 


195 


38025 


7414875 


■005128205 


39003 


■ 


196 


...38416 


- 75295.16 


-005103041 


29226 


1 


197 


38809 


7645373 


■005076143 


39447 




198 


39204 


7762393 


■005050505 


39667 




199 


...39601 


... 7880599 


-005025136 


29885 




zoo 


40000 


8 000 □□□ 


■O0500OOOQ 


30103 




ZOI 


40401 


8 1 30 601 


■004975124 


30320 


M 




... 40804 


... 8343408 


-004950495 


30535 


■ 


Z03 


41209 


8365427 


-004936108 


30750 


■ 


ao4 


41616 


8489664 


■004901961 


30963 


■ 


ao5 


... 42025 


... 8615125 


-004878049 


3I175 


■ 


306 


43436 


8741816 


■004854369 


31387 


■ 


307 


42849 


8869743 


-004830918 


31597 


■ 


308 


... 43264 


... 8998912 


-004807693 


31806 


■ 


309 


43681 


9129329 


-004784689 


32015 


■ 


110 


44100 


9261000 


•004761905 


32233 


■ 


2tl 


.- 44521 


-.. 9393931 


-004739336 


32438 


1 




44944 


9538128 


-004716981 


32634 




213 


45369 


9663597 


-004694836 


32838 




ii4 


... 45796 


... 9800344 


-004673897 


33041 




"5 


46235 


9938375 


■00465 1 163 


33244 




116 


46656 


10077696 


•004629630 


33445 


M 


J17 


... 47089 


...10218313 


-004608395 


33646 


■ 


218 


47534 


10360233 


-004587156 


33846 


■ 


319 


47961 


10 503 459 


■004566210 


34044 


u 




... 48400 


...10648000 


-004545455 


34242 




aai 


48841 


10793861 


■004534887 


34439 




139 


49284 


10941048 


■004504505 


34635 




SS3 


... 4 97 29 


...11089567 


-004484305 


34830 




334 


50176 


11239424 


■004464286 


35025 




335 


50625 


11390625 


■004444444 


35218 




336 


...51076 


...11 543 176 


-004424779 


354" 




337 


51529 


II 697 083 


-004405386 


35603 




238 


51984 


11852352 


-004385965 


35793 




329 


... 52441 


...12008989 


-004366813 


35984 




230 


53900 


12167000 


■O04347S36 


36173 




331 


53361 


13336391 


-004329004 


36361 




333 


...53824 


...12 487 168 


-004310345 


36.549 




233 


54389 


"649337 


■004291845 


36736 




_ 334 


54756 


13813904 


■004273504 


36923 




M»35 


5 5a 35 


13977875 


■004355319 


\ -in^^i 


m 


ML- M 



u 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 




236 


55696 


13 144 256 


•004237288 


37291 


237 


56169 


13 312 053 


•004219409 


37475 




238 


... 56644 


...I3481 272 


'004201681 


37658 




239 


57121 


13 651 919 


•004 1 84 1 00 


37840 




240 


57600 


13 824 000 


•004166667 


38021 




241 


... 58081 


•••13 997 521 


-004149378 


38202 




242 


5 85 64 


14 172 488 


•OO413223I 


38382 




243 


59049 


14 348 907 


•0041 15226 


38561 




244 


- 5 95 3<5 


...14526784 


'004098361 


38739 




245 


60025 


14706 125 


•004081633 


38917 




246 


60516 


14886936 


•004065041 


39094 




247 


... 6 1009 


...15069 223 


-004048583 


39270 




248 


61504 


15252992 


•004032258 


39445 




249 


62001 


1^5 438 249 


•004016064 


39620 




250 


... 6 2500 


...15625000 


-004000000 


39794 




251 


63001 


15813251 


•003984064 


39967 




252 


63504 


16003008 


•003968254 


40140 




253 


... 6 4009 


...16 194 277 


-003952569 


40312 




254 


64516 


16 387 064 


•003937008 


40483 




255 


65025 


16 581 375 


•003921569 


40654 




256 


... 65536 


...16777 216 


^003906250 


40824 




257 


66049 


16974593 


'OO389IO5I 


40993 




258 


66564 


17 173 512 


-003875969 


41162 




259 


... 67081 


..17373979 


-003861004 


41330 




260 


67600 


17 576 000 


•003846154 


41497 




261 


.68121 


17 779 581 


•OO3831418 


41664 




262 


... 68644 


...17 984728 


-003816794 


41830 




263 


691 69 


18 191 447 


•003802281 


41996 




264 


69696 


18399744 


•003787879 


42160 




265 


... 7 02 25 


...18609625 


'003773585 


42325 




266 


70756 


18 821 096 


•003759398 


42488 




267 


7 1289 


19 034 163 


•003745318 


42651 




268 


... 7 1824 


...19248832 


003731343 


42813 




269 


72361 


19 465 109 


•003717472 


42975 




270 


7 2900 


19683000 


•00*3703704 


43136 




271 


— 73441 


...19902 511 


^003690037 


43297 




272 


73984 


20123648 


•003676471 


43457 




273 


74529 


20346417 


•003663004 


43616 




274 


... 75076 


...20570824 


'003649635 


43775 




275 


75625 


20796875 


•003636364 


43933 




276 


76176 


21024576 


•003623188 


44091 




277 


... 7 67 29 


...21253933 


•OO3610I08 


44248 




278 


77284 


21484952 


•003597122 


44404 




279 


77841 


21 717 639 


•003584229 


44560 




280 


7 8400 


21 952 000 


•003571429 


44716 


. 





r ■ 


15 


^ 
















Na 


Sq«=r=. 


Cbbt 


Redprncal. 


CLog. 


^ 


181 


78961 


22188041 


■003558719 


44871 


■ 


!82 


79524 


22425768 


■003546099 


45025 


■ 


"83 


... 80089 


...22665187 


-003533569 


45179 


■ 


28, 


80656 


22 906 304 


■003521127 


45332 


■ 


»85 


8 12 35 


23149135 


■00350877 a 


45484 


■ 


a86 


... 81796 


■-23393656 


'003496503 


45637 


■ 


287 


82369 


23 639 903 


■003484321 


45788 




288 


Bag 44 


23887872 


■003473332 


45939 




289 


... 83521 


...24137569 


003460208 


46090 




290 


8 4«o° 


24389000 


■003448276 


46240 




291 


84681 


24642 171 


■003436426 


46389 


■ 


29a 


... 85264 


...24897088 


-003434658 


46538 


■ 


293 


85849 


25153757 


■003412969 


46687 


■ 


294 


86+36 


35412184 


■003401361 


4683s 


■ 


295 


... 87025 


...25672375 


-003389831 


46983 


■ 


29S 


87616 


25934336 


■003378378 


47129 


■ 


297 


88309 


26198073 


-003367003 


47276 


■ 


298 


... 88804 


...26463592 


-003355705 


47422 


■ 


299 


89401 


26730899 


■003344482 


47567 


■ 


300 


90000 


27 000 000 


■003333333 


47713 


■ 


301 


... 9C1601 


...27 270901 


-003322259 


47857 


^ 


302 


91204 


27 543 608 


■0033 1 1258 


48001 




303 


91809 


27818127 


■003300330 


48144 




304 


... 92416 


...28094464 


■003289474 


48287 




30s 


93025 


28372625 


-003378689 


48430 




306 


93636 


28653616 


■003267974 


48572 


■ 


1 [ 3"? 


... 94249 


.-28934443 


-003257329 


487U 


m 


■ 3°8 


94864 


29218113 


■003246753 


48855 


■ 


TI 309 


95481 


29503629 


■003336246 


48996 


■ 


I 310 


, . . 9 G I 00 


...29791000 


-003225806 


49136 


■ 


311 


96721 


30080231 


■003215434 


49276 


■ 


312 


9 73 44 


30 37 1 328 


■003205138 


49415 


■ 


313 


... 97969 


...30664297 


-003194888 


49554 


M 


314 


98596 


30959144 


■003184713 


49693 




315 


99225 


31S55875 


■003174603 


49831 




3<6 


... 99856 


-31554496 


-003164557 


49969 




S'J 


100489 


31855013 


■003154574 


50106 




1 3-8 


10 II 24 


32157432 


■003144654 


50243 




1 3>9 


... 10 17 61 


...32461759 


■003134796 


50,379 




i 310 


102400 


32768000 


■003125000 


50515 




1 3" 


103041 


33076161 


-003115265 


50651 




K" 


... 103684 


...333S6248 


■003X05590 


50786 




mfi 


104329 


33 698 267 


■003095975 


50920 




Ki* 


104976 


34012234 


■003086430 


5105s 




Ks 


105635 


34328125 


■00307693^ 


\ s^a-^ 


^ 


EL M 



16 



No. 


Square. 


Cube. 


ReciprocaL 


CLog. 


326 


106276 


34645976 


•003067485 


51322 


327 


1069 29 


34 965 783 


•003058104 


51455 


328 


... 107584 


—35287552 


-003048780 


51587 


329 


1082 41 


35 611 289 


•003039514 


51720 


330 


108900 


35 937 000 


•003030303 


51851 


331 


... 10 95 61 


...36264691 


-003021148 


51983 


332 


II 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... II 1556 


...37259704 


'002994012 


52375 


335 


II 22 25 


37 595 375 


•002985075 


52504 


336 


II 2896 


37 933 056 


•002976190 


52634 


337 


... II 35 69 


...38272753 


'002967359 


52763 


338 


II 4244 


38614472 


•002958580 


52892 


339 


II 4921 


38958219 


•002949853 


53020 


340 


... II 5600 


...39304000 


..i...^oo294ii76 


53148 


341 


II 6281 


39 651 821 


•002932551 


53275 


342 


II 6964 


40 001 688 


•002923977 


53403 


343 


... II 7649 


...40353607 


-002915452 


53529 


344 


II 83 36 


40 707 584 


•002906977 


53656 


345 


II 90 25 


41 063 625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


'002890173 


53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


12 II 04 


42 144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


-002865330 


54283 


350 


122500 


42 875 000 


•002857143 


54407 


351 


12 3201 


43243551 


•002849003 


5453^ 


352 


... 123904 


...43614208 


'002840909 


54654 


353 


12 4609 


43 986 977 


•002832861 


54777 


354 


12 53 16 


44361864 


•002824859 


54900 


355 


... 126025 


...44738875 


-002816901 


55023 


356 


126736 


45 118 016 


•002808989 


55M5 


357 


127449 


45 499 293 


•00280 II 20 


55267 


358 


... 12 81 64 


...45882712 


^002793296 


55388 


359 


12 88 81 


46268 279 


-002785515 


55509 


360 


12 9600 


46 656 000 


•002777778 


55630 


361 


... 13 03 21 


...47045881 


-002770083 


5575^ 


362 


13 10 44 


47 437 928 


-002762431 


55871 


363 


13 17 69 


47 832 147 


•002754821 


65991 


364 


... 132496 


...48228544 


-002747253 


56110 


365 


133225 


48627 125 


•002739726 


56229 


366 


133956 


49027 896 


•002732240 


56348 


3^1 


... 134689 


...49430863 


^002724796 


56467 


368 


135424 


49 836 032 


•0027 1 7 39 1 


56585 


369 


136161 


60 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 







^^ 


^H 


m 


Sqaan. 


Cube. 


Reciprocal. 


CLog, 


\ 


1376 41 


SIC648II 


002695418 


56937 


J 


13 83 84 


51478848 


002688172 


57054 




... 139129 


...5'895ii7 


002680965 


57171 




139876 


52313(124 


002673797 


57287 




140625 


52734375 


002666667 


57403 




... 14 13 76 


.-53157376 


002659574 


575'9 




142129 


5358^633 


002652520 


57634 




14=884 


54010152 


002645503 


57749 




...143641 


■ ■■54 439 939 


002638522 


57864 




144400 


54873000 


002631579 


57973 




1451^1 


55306341 


002624673 


58092 




... 14592+ 


■ ■■55742968 


002617801 


58206 




146689 


561S1887 


002610966 


58320 




147456 


56623 104 


002604167 


58433 




... 148225 


...57066625 


002597403 


5S546 




148996 


57512456 


002590674 


58659 




149769 


57960603 


002583979 


58771 




— 150544 


...58411073 


002577320 


58883 


y 


151321 


58863869 


002570694 


58995 


' 


152100 


59319000 


003564103 


59106 


1 


... 152881 


■-5977647' 


002557545 


59318 


J 


153664 


60 236 283 


002551020 


59329 


1 


15 44 49 


60698457 


002544529 


59439 


1 


... 15 53 315 


...61 162984 


002538071 


59550 


1 


156025 


61629875 


002531646 


59660 


1 


156816 


62099136 


002525253 


59770 


1 


... 157609 


...62570773 


002518892 


59879 




158404 


63044792 


003512563 


59988 


J 


159201 


63521199 


002506266 


60097 




... 160000 


-64000000 


002500000 


60206 




160801 


64481201 


003493766 


60314, 




161604 


64964808 


■00248756a 


60423 




... 163409 


...65450827 


002481390 


60531. 




1632 16 


65939264 


002475248 


60638 




164025 


66430125 


002469136 


60746 




...164836 


...66933416 


002463054 


60853 




165649 


67419143 


■002457003 


60959 


, 


16 64 64 


67917313 


002450980 


61066 




...167281 


...68417929 


002444988 


61172 




168100 


68921000 


002439024 


61278 




168921 


69426531 


■003433090 


61384 




...169744 


...69934533 


002427184 


61490 




-.xjosfig 


70444997 


002421308 


61595 




Kg^pfi 


Jo 957 944 


002415459 




\ 


WKh- 


71473375 


002409659 


^KZ 


c 






^ 



18 



No. 


Square. 


Cube. 


Reciprocal. 


C Log. 


416 


17 30 56 


71 991 296 


•002403846 


61909 


417 


17 38 89 


72 511 713 


•002398082 


62014 


418 


... 174724 


...73034632 


-002392344 


62I18 


419 


17 55 61 


73 560 059 


•002386635 


62221 


420 


176400 


74 088 000 


•002380952 


62325 


421 


... 17 72 41 


...74 618 461 


-002375297 


62428 


422 


178084 


75 151 448 


•00236966^1 


62531 


423 


178929 


75 686 967 


•002364066 


62634 


424 


... 179776 


...76 225024 


•002358491 


62737 


425 


180625 


76765625 


•002352941 


62839 


426 


18 14 76 


77 308 776 


•002347418 


62941 


427 


... 182329 


...77854483 


^002341920 


63043 


428 


18 31 84 


78402752 


•002336449 


63144 


429 


18 40 41 


78 953 589 


•002331002 


63246 


430 


... 184900 


...79507000 


-002325581 


63347 


431 


18 57 61 


80062 991 


•002320186 


63448 


432 


186624 


80621568 


•0023 1 48 1 5 


63548 


433 


... 187489 


...81 182737 


^002309469 


63649 


434 


188356 


81746504 


-002304147 


63749 


435 


189225 


82312875 


•002298851 


63849 


43<5 


... 190096 


...82881856 


'002293578 


63949 


437 


190969 


83 453 453 


•002288330 


64048 


438 


19 1844 


84027 672 


•002283105 


64147 


439 


... 19 27 21 


...84604519 


-002277904 


64246 


440 


193600 


85 184000 


-002272727 


6434S 


441 


19 44 81 


85 766 121 


•002267574 


64444 


442 


... 195364 


...86350888 


-002262443 


64542 


443 


1962 49 


86 938 307 


•002257336 


64640 


444 


19 71 36 


87 528 384 


•002252252 


64738 


445 


... 198025 


...88 121 125 


-002247191 


64836 


446 


1989 16 


88716536 


•002242152 , 


64933 


447 


199809 


89314623 


-002237136 


65031 


448 


... 2007 04 


...89915392 


-002232143 


65128 


449 


20 16 01 


90518849 


-002227171 


6522S 


450 


20 25 00 


91 125000 


-002222222 


6532^ 


451 


... 20 34 01 


—91 733 851 


-002217295 


65418 


452 


20 43 04 


92 345 408 


-002212389 


655U 


453 


205209 


92 959 677 


-002207506 


65610 


454 


... 2061 16 


...93576664 


-002202643 


65706 


455 


2070 25 


94196375 


-002197802 


65801 


456 


207936 


94818816 


-002192982 


65896 


457 


... 208849 


-95 443 993 


-002188184 


65992 


458 


20 97 64 


96071 912 


•002183406 


66087 


459 


21 0681 


96702579 


-002178649 


66181 


460 


21 1600 


97 336 000 


•002173913 


66276 



^^ 








^ 


Squ;.,=- 


Cube 


Reciprocal. 


CLog. 




3133 31 


97 972 181 


002169197 


66370 




2134 44 


986II128 


002164502 


66464 




... 214369 


... 99252847 


002159827 


66558 




3i5ag6 


99897344 


002155173 


66652 




.16335 


100544625 


002150338 


66745 




...=17156 


,.,ioi 194696 


002145923 


66839 




318089 


101 847 563 


002141338 


66932 




ai90 24 


102 503 333 


002136752 


67025 




... 319961 


.,.103161709 


OO2I32I96 


67117 




330900 


103823000 


003127660 


67310 




231841 


104487 III 


003133143 


67302 




... 22 37 84 


...103154048 


OO2I18644 


67394 




23 37 29 


105823817 


OO3II4165 


67486 




334676 


106496424 


003109703 


67578 




...325625 


...107171875 


002105263 


67669 




a3 6s 76 


107 850 176 


002100840 


67761 




33 75^9 


108 531 333 


003096436 


67852 




1 ...338484 


...109215352 


□03093050 


67943 




229441 


109902239 


002087683 


68034 




230400 


110592000 


003083333 


68124 




... 33 13 61 


...111384641 


002079002 


68215 




23 33 34 


Ill 980 168 


002074689 


68305 




23 3a 89 


113 678587 


002070393 


68395 




...334256 


■ .■113379904 


OOZ066116 


68485 




23 52 25 


11408412s 


003061856 


68574 




23 61 96 


114791356 


OD2057613 


68664 




...337169 


...115 501 303 


002053388 


68753 




338144 


116214273 


■002049180 


68842 




339121 


116 930 169 


002044990 


68931 




... 240100 


...117649000 


O02O40816 


69020 




341081 


118370771 


002036660 


69108 




242064 


119095488 


003033520 


69197 




...343049 


...119823157 


002028398 


69285 




244036 


120353784 


002024291 


69373 




345025 


121387375 


O02O203O2 


69461 




... 246016 


...133023936 


002016129 


69548 




347009 


133763473 


002012073 


69636 




348004 


"3 505 992 


002008033 


69733 




... 34 90 01 


...124251499 


003004008 


69810 




250000 


1250000D0 


OD 2 000000 


69897 




251001 


125751501 


001996008 


69984 




.,.253004 


...126506008 


001992032 


70070 




353009 


137363527 


001988072 


70157 




354016 


138024064 


001984127 


\ T^i\^ 


\ 


355035 


12878; 625 


001980198 


\ lo^iij \ 1 


M—- ^ 



20 



/ 



No. 


Square. 


Cube. 


506 


256036 


^29554216 


507 


^57049 


130323843 


508 


... 258064 


...131 096 512 


509 


259081 


131 872229 


510 


2601 00 


132 651 000 


511 


,,. 26 II 21 


...133 432 831 


512 


2621 44 


134 217 728 


513 


2631 69 


135005697 


514 


... 264196 


...135796744 


515 


265225 


136590875 


'516 


266256 


137388096 


517 


... 267289 


...138 188 413 


518 


26 83 24 


13899^832 


519 


26 93 61 


139798359 


520 


... 270400 


...140608000 


521 


27 14 41 


141 420761 


522 


27 24 84 


142 236648 


523 


... 273529 


...M3 055 667 


524 


274576 


143 877 824 


525 


27 56 25 


144 703 125 


526 


... 276676 


...145531576 


527 


277729 


146 363 183 


528 


27 87 84 


147 197 952 


529 


... 279841 


,..148035889 


530 


280900 


148 877 000 


531 


28 19 61 


149 721 291 


532 


... 283024 


...150568768 


533 


284089 


1514^9437 


534 


285156 


152273304 


535 


... 286225 


...153130375 


536 


287296 


153990656 


537 


288369 


154 854 153 


538 


... 289444 


...155720872 


539 


290521 


156 590 819 


540 


29 1600 


157 464000 


541 


... 292681 


...158 340 421 


542 


293764 


159 220088 


543 


29 48 49 


160 103007 


544 


... 295936 


...160 989 184 


545 


297025 


161 878 625 


546 


2981 16 


162 771 336 


547 


... 299209 


...163667323 


54S 
550 1 


30 03 04 


164566592 


30 14 01 


165 469 149 


302^00 


166375900 



Reciprocal. 
•001976285 

•0019^2387 

'001968504 

•001964637 

•001960784 

•001956947 

•00 1 953 1 25 
•00 1 9493 1 8 

•001945525 

•001941748 

•001937984 

-001934236 

•00 T 930502 
'OOI926782 

'001923077 

•OOI9I9386 

•00 1 9 15709 

'001912046 

'00 1 908397 
•001904762 

•001901141 

•001897533 
•001893939 

'001890359 

'001886792 
'001883239 

'001879699 

•001876173 
•001872659 

'001869159 

•001865672 
"001862197 

'001S58736 

•001855288 
'001851852 

'001848429 

'001845018 
'001841621 

'001838235 

•001834862 
•001831502 

'001828154 

•001824818 
\ •001821^9^ 

\ •OOl^l^l^'i 



\ 



CLog. 

^0415 

r050I 

0586 

0672 

'O757 
0842 

0927 

IOI2 

1096 

I181 

1265 

1349 

1433 

1517 
1600 

1684 

1767 

1850 

1933 
2016 

2099 

2181 

2263 

2346 

2428 

2509 

2591 

2673 

2754 
2835 
2916 
2997 
3078 
3159 

3239 
3320 

3400 
3480 
3560 
3640 
3719 

3799 
3878 

3957 



21 



■ 


Na 


Square. 


Cube. 


Reciprocal. 


C Log. 






551 


30 36 01 


167 284 151 


'001 8 1 4882 


74II5 






552 


30 47 04 


168 196 608 


•OO1811594 


74194 






553 


-. 30 58 09 


...169 II2377 


.......0018083,18 


74273 






554 


3069 16 


170 031 464 


•001805054 


74351 






555 


30 80 25 


170953875 


•00 1 80 1 802 


74429 






556 


... 309136 


...171 879616 


.......OOI798561 


74507 






557 


310249 


172808693 


•GOI795332 


74586 






558 


31 1364 


173 741 112 


•OOI792II5, 


74663 






559 


... 31 2481 


...174676879 


'001788909 


74741 






560 


31 36 00 


175 616000 


•0017857 14 


74819 






561 


31 47 21 


176 558 481 


•OOI78253I 


74896 






562 


.►. 315844 


..•177504328 


-00177935^ 


74974 






563 


316969 


178453547 


•QOI776199 


75051 






564 


' 31 8096 


179 406 144 


•001773050 


75128 






565 


... 319225 


...180362 125 


'001769912 


75205 






566 


3^2 03 56 


181 32T 496 


•001766784 


75282 






567 


321489 


182 284 263 


•001763668 


75358 






568 


... 32 26 24 


...183250432 


-001760563 


75435 






569 


32 37 61 


184 220009 


•001757469 


75511 






570- 


32 49 00 


185 193000 


•001754386 


75587 






571 


... 326041 


...186 169411 


-001751313 


75664 






572 


327184 


187 149248 


•001748252 


75740 






573 


328^29 


188 132 517 


•OOI7452OI 


75815 






574 


... 329476 


...189 TI9224 


.•001742 160 


7589^ 






575 


33 06 25 


190 109 375 


•GOI73913O 


75967 






576 


33177^5 


191 ic^ 976 


•OOI7361II 


76042 






577 


... 332929 


...192 100033 


•OOI733IO2 


76118 






578 


33 40 84 


193 100 552 


•OOI73OTO4 


76193 






579 


335241 


194104539 


•OOI727I16 


76268 






580 


... 336400 


...195 112 000 


•001724138 


76343 






58 ; 


33756^ 


196 122 941 


•001721170 


76418 






582 


33 87 24 


197 137 368 


•OOI718213 


76492 






583 


... 339889 


...198 155 287 


•OOI715266 


76567 






584 


341056 


199 176704 


•OOI712329 


76641. 






585 


34 22 25 


200 201 625 


•001709402 


76716 






586 


... 343396 


...201 230056 


^001706485 


76790 






587 


34 45 <59 


202 262 003 


•001703578 


76864 






588 


34 57 44 


203297472 


•001700680 


76938 


1 




589 


... 346921 


...204336469 


^001697793 


77012 






590 


3481 00 


205379000 


•00 1 6949 1 5 


77085 






591 


349281 


206425071 


•001692047 


77159 






592 


... 350464 


...207 474688 


"001689189 


; X\'^%^ 


k. 




593 


35 16 49 


208 527 857 


•ooi6^6'i\\ 


\ M^^^X 




SP4 1 
59S 1 


352836] 

3540 2s\ 


209 584 584 


•0016^06*12 


\ *\1'S\^ ^ 


210 644 875 


\ nn^ " 


^ 



22 



No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


596 


355216 


211 708 736 


•001677852 


77525 


597 


35 64 09 


212776 173 


•001675042 


77597 


598 


... 357604 


...213847 192 


'001672241 


77670 


599 


358801 


214 921 799 


'001669449 


77743 


600 


36 00 00 


216000000 


'OO1666667 


77815 


601 


... 36 12 01 


...217081 801 


-001663894 


77887 


602 


36 24 04 


218 167 208 


•001 66 1 130 


77960 


603 


36 36 09 


219256 227 


•001658375 


78033 


604 


... 3648 16 


...220348 864 


'001655629 


78104 


605 


36 60 25 


221 445 125 


'00 1 65 2893 


78176 


606 


367236 


222545016 


•OOI650I65 


78247 


607 


... 368449 


...223648543 


'001647446 


78319 


608 


36 9^ 64 


224755712 


'OOI644737 


78390 


609 


370881 


225866529 


'OOI642036 


78462 


610 


... 37 21 00 


...226981 000 


-001639344 


78533 


611 


373321 


228099 I3T 


•001636661 


78604 


612 


37 45 44 


229 220928 


•001633987 


78675 


613 


— 375769 


...230346397 


'001631321 


78746 


614 


37 69 96 


231 475 544 


•001628664 


78817 


615 


37 82 25 


232 608 375 


'001626016 


78888 


616 


- 379456 


..•233744896 


001623377 


78958 


617 


38 06 89 


234885 113 


•001620746 


79029 


618 


381924 


236029032 


•001618123 


79099 


619 


... 38 31 61 


...237176659 


•OOI6I5509 


79169 


620 


38 44 00 


238 328 000 


•001 612903 


79239 


621 


385641 


239483061 


•001610306 


79309 


622 


... 386884 


...240641 848 


'001607717 


79379 


623 


388129 


241 804 367 


'00 1 605 1 36 


79449 


624 


38 93 76 


242 970624 


'001602564 


79518 


625 


... 390625 


...244 140625 


'001600000 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393129 


246491 883 


•001594896 


79727 


628 


... 394384 


...247673152 


-001592357 


79796 


629 


395641 


248 858 189 


•001589825 


79865 


630 


39 69 00 


250 047 000 


•001587302 


79934 


631 


... 39 81 61 


...251 239 591 


^001584786 


80003 


632 


39 94 24 


252 435 968 


•001582278 


80072 


633 


400689 


253 636 137 


•001579779 


80140 


634 


... 401956 


...254840 104 


'001577287 


80209 


635 


40 32 25 


256047875 


'001574803 


80277 


636 


40 44 g6 


257 259 456 


•001572327 


80346 


637 


... 405769 


...258474853 


-001569859 


80414: 


638 


40 70 44 


259694072 


•001567398 


8048a 


^39 


408321 


260917 119 


•001564945 


80550 


640 


409600 


262 144 000 


•001562500 


80618 





^H 


^^H 


^^^ 




1 


No. 


Sq.Hre. 


Cub!. 


EccipiocaL 


CLoe. 




641 


41 08 81 


263374721 


■001560063 


80686 


^H 


6,2 


412164 


264609288 


■00155763a 


80754 


^1 


«43 


... 413449 


-..265847707 


-001555210 


80821 




6,4 


41 47 36 


367 089 984 


■001552795 


80889 




645 


416025 


268336125 


■001550388 


80956 




646 


...417316 


...269586136 


-001547988 


81023 




647 


418609 


270840023 


■001545595 


81090 




648 


419904 


272097793 


■001543210 


81158 




649 


... 43 12 01 


■.-273359449 


-001540833 


81224 




630 


42 35 00 


374625000 


■001538463 


81291 




651 


423801 


275894451 


■001536098 


8.358 


M 


65> 


... 435104 


...277 167 S08 


-001533742 


81425 


■ 


653 


426409 


378445077 


-001531394 


81491 


1 


654 


427716 


279726364 


■001539052 


81558 




655 


...429025 


...281 Oil 375 


.......001526718 


81624 




636 


430336 


282300416 


■001524390 


8169a 




65? 


431649 


283 593 393 


•001522070 


81757 




658 


...433964 


...284890312 


'ooiSipTS? 


81823 




'59 


434281 


286 rgi 179 


-001517451 


81889 




660 


43 56 00 


287 49^5 ooo 


■001515152 


81954 




661 


... 436921 


.,.288804781 


-0015.2859 


82020 




662 


438244 


290117538 


■001510574 


82086 




6«3 


439569 


291434247 


■001508296 


82151 




6«4 


... 44 08 96 


...292754944 


-001506024 


82217 




665 


442225 


294079625 


■001503759 


82282 




666 


44 35 56 


295 408 296 


■00 1 50 1 502 


82347 




667 


...444889 


...296740963 


-001499250 


82413 




. 668 


446224 


298077632 


■001497006 


82478 




1 669 


447561 


299418309 


■001494768 


82543 


^ 


1> '7° 


... 448900 


...300763000 


-001492537 


82607 


fl 


I '7> 


450MI 


302111711 


■001490313 


83672 


■ 


T ^' 


451584 


303 464 448 


■001488095 


82737 


■ 


' 6,3 


... 452929 


...304821217 


-001485884 


82802 


■ 


674 


454276 


306182024 


■001483680 


82866 


■ 


673 


45 56 25 


307546875 


■001481481 


82930 


■ 


676 


... 456976 


...308915776 


-001479290 


82995 


■ 


677 


45 83 29 


310 288 733 


■001477105 


83059 


■ 


678 


45 96 84 


311665752 


■001474926 


83133 


■ 


679 


...461041 


...313046839 


-001472754 


83187 


■ 


680 


462400 


314432000 


■001470588 


83251 


m 


681 


463761 


315821241 


■001468429 


83315 




6S> 


...465124 


...317214568 


-001466276 


83378 




6S3 


466489 


3186119S7 


■001464129 


83442 




684 


467856 


320013504 


■00146198a 


83506 




68s 


469225 


321 419 125 


■00145985^ 


%-l^fe^^ 


\ 


^ ■ 













24 



No. 


Square. 


Cube. 


ReciprocaL 


C. Log. 


686 


47 05 96 


322828856 


•001457726 


83632 


687 


471969 


324 242 703 


•001455604 


83696 


688 


... 47 33 44 


...325660672 


-001453488 


83759 


689 


47 47 21 


327 082 769 


•OOI451379 


83822 


690 


47 61 00 


328 509 000 


x)oi449275 


83885 


691 


...477481 


...329939371 


•OOI447I78 


83948 


692 


47 88 64 


331373888 


•001445087 


8401 1 


693 


48 02 49 


332812557 


•00 1 44300 1 


84073 


694 


... 481636 


...334255384 


'00144092a 


84136 


695 


48 30 25 


335702375 


•001438849 


84198 


696 


48 44 16 


337 153 536 


x)oi436782 


84261 


697 


... 485809 


...338608873 


-001434720 


84323 


698 


48 7204 


340 068 392 


•001432665 


84386 


699 


488601 


341532099 


•001430615 


84448 


700 


... 490000 


...343000000 


•001428571 


84510 


701 


491401 


344472 lOI 


•001426534 


84572 


702 


49 28 04 


345 948 408 


•001424501 


84634 


7^3 


... 494209 


...347428927 


^001422475 


84696 


704 


49 56 16 


348913664 


•001420455 


84757 


705 


497025 


350 402 625 


•001418440 


84819 


706 


... 498436 


...351895816 


...... -001416431 


84880 


707 


49 98 49 


353 393 243 


•001414427 


84942 


708 


50 1264 


354894912 


-001412429 


85003 


709 


... 502681 


...356400829 


-001410437 


85065 


710 


5041 00 


357911000 


-00 1 40845 1 


85126 


711 


505521 


359425431 


•001406470 


85187 


712 


... 506944 


...360944 128 


-001404494 


85248 


713 


50 83 6g 


362 467 097 


•001402525 


85309 


714 


50 97 96 


363 994 344 


•001400560 


85370 


715 


... 51 1225 


—365525875 


-001398601 


85431 


716 


512656 


367061 696 


•001396648 


85491 


717 


514089 


368 601 813 


•001394700 


85552 


718 


... 515524 


...370146232 


-001392758 


85612 


719 


516961 


371694959 


-00139082 1 


85673 


720 


51 8400 


373 248 000 


•001388889 


85733 


721 


... 51 9841 


...374805361 


-001386963 


85794 


1722 


521284 


376 367 048 


-001385042 


85854 


' 723 


5227 29 


377933067. 


•001383126 


85914 


724 


... 5241 76 


—379503424 


*ooi38i2i5 


85974 


725 


52 56 25 


381 078 125 


•001379310 


86034 


726 


527076 


382657176 


•001377410 


86094 


727 


... 528529 


...384240583 


'001375516 


86153 


728 


52 99 84 


385 828 352 


•001373626 


86213 


729 


53 14 41 


387 420 489 


•00137 1742 


86273 


730 


53 29 0? 


389017000 


•001369863 


86332 



M~ 




25 




^^ 


■ 


wC'voT 


Square, 


Cube. 


Reciprocal 


CLog. 


■ 


PI 73' 


534361 


390617891 


■0013671)89 
■00136^20 


86352 


■ 


■ 1 73^ 


535824 


392223168 


S645I 


■ 


H 733 


... 537389 


.-393832837 


-001364256 


86510 


■ 


H 734 


538756 


395 446 904 


■001362398 


8657Q 


■ 




540225 


397 065 375 


■001360544 


866?9 




1 J36 


... 541696 


...398688256 


■001358696 


86688 


m 


737 


54 3' 69 


400315553 


■001356852 


86747 


M 


733 


544644 


4DI 947 272 


■00 1 35501 4 


86806 




739 


...5461 31 


■■■403583419 


-001353180 


86864 


f 


740 


547600 


-405224000 


■001351351 


86923, 




741 


549081 


406869021 


•001349528 


86982 




74a 


... 550564 


...408518488 


■001347709 


8)040 




743 


552049 


410172407 


■001345895 


87099 




744 


553336 


411 830 784 


■001344086 


87157 




745 




..■413493625 


-001342283 


87.16 




746 


556516 


415 160936 


■001340483 


87274 




747 


558009 


416832723 


■001338688 


8733" 




748 


". 559504 


...418508992 


■001336898 


S7390 


■ 


749 


56100. 


420189749 


■001335113 


87448 


M 


730 


562500 


421875000 


■001333333 


87506 


■ 


751 


... 564001 


..■423564751 


■001331553 


87564 


■ 


75' 


56 55 04 


425259008 


■001329787 


87622 


■ 


753 


567009 


426957777 


■001328021 


87679 


■ 


754 


... 568516 


...428661 064 


-001326260 


8J737 


■ 


755 


570035 


43° 368 875 


■001324503 


S779S 


« 


756 


571536 


433 081 216 


■001332751 


87852 




757 


■ -. 573049 


...433798093 


-001321004 


87910 




758 


57 45 64 


435519512 


001319261 


87967 




759 


576081 


437245479 


■001317523 


88024 




760 


... 577600 


...438976000 


-001315789 


88081 


M 


761 


57 9121 


440711081 


■001314060 


88138 


\m 


1 763 


58 °6 44 


442450728 


■001312336 


88,95 


f 


763 


...582169 


...444194947 


-001310616 


88252 




764 


58 36 96 


445943744 


-001 308901 


88309 




7«5 


58 53 25 


447697125 


■001307 190 


88366 




766 


...586756 


...449455096 


■001305483 


88423 




J67 


58 83 89 


451217663 


■001303781 


88480 




J63 


58 98 24 


452984832 


■001302083 


88536 




169 


... 59 '361 


■ .■454756609 


^001300390 


S8593 




770 


59^900 


456 533 000 


■001398701 


88649 




77' 


594441 


458314011 


■001297017 


88705 


■ 


77 a 


... 595984 


,..460099648 


-001295337 


88762 


■ 


773 


59 75 29 


461889917 


■001293661 


888t8 


■ 


774 


- 599076 


463 684 824 


■001391990 


8S8J4 


n 


775 


60 06 25 


465484375 


-001290323 


\ »4<iy>\ 







26 



No. 


Square. 


Cube. 


RedprocaL 


C Log. 


776 


60 21 76 


467288576 


•001288660 


88986 


777 


60 37 29 


469 097 433 


•OOI2870OI 


89042 


778 


... 605284 


...470910952 


-001285347 


89098 


779 


606841 


472729139 


•OOT283697 


89154 


780 


60 84 00 


474 552 000 


•001 28205 1 


89209 


781 


... 609961 


...47^5379541 


'001280410 


.89265 


782 


611524 


478 211 768 


•001278772 


89321 


783 


613089 


480 048 687 


•OOI277139 


89376 


784 


... 614656 


...481890304 


•OOT27551O 


89432 


785 


61 62 25 


483 736 625 


•001273885 


89487 


786 


617796 


485 587 656 


•001272265 


89542 


787 


... 619369 


...487443403 


•001270648 


89597 


788 


62 09 44 


489303872 


•001269036 


89653 


789 


622521 


491 169069 


•001267427 


89708 


790 


... 624100 


...493039000 


•001265823 


89763 


791 


625681 


494913671 


•001264223 


89818 


792 


62 72 64 


496 793 088 


•001262626 


89873 


793 


... 628849 


...498677257 


'001261034 


89927 


794 


63 04 36 


500 566 184 


•001259446 


89982 


795 


63 20 25 


502 459 875 


•001257862 


90037 


796 


... 633616 


...504358336 


'001256281 


90091 


797 


63 52 09 


506261573 


•001254705 


90146 


798 


63 68 04 


508 169592 


001253133 


90200 


799 


... 638401 


...510082399 


-001251564 


90255 


800 


64 00 00 


512000000 


•001250000 


90309 


801 


64 16 01 


513 922 401 


'ooi 248439 


90363 


802 


... 643204 


...515849608 


-001246883 


90417 


803 


64 48 09 


517 781 627 


'OOI 245330 


90472 


804 


64 64 16 


519718464 


•OOI24378I 


90526 


805 


... 648025 


...521 660 125 


-001242236 


90580 


806 


64 96 36 


523606616 


•001240695 


90634 


807 


65 1249 


525 557 943 


•OOI239I57 


90687 


808 


... 652864 


...527 514 112 


'001237624 


90741 


809 


654481 


529475129 


'OOI 236094 


90795 


810 


65 61 00 


531 441 000 


•001234568 


90849 


811 


... 6577 21 


—533 411 731 


•OOI 233046 


90902 


812 


65 93 44 


535387328 


•OOI 23 1 5 27 


90956 


813 


66 09 69 


537 367 797 


•OOI 23001 2 


91009 


814 


... 662596 


-539353144 


^001228501 


91062 


815 


66 42 25 


541 343 375 


•001226994 


9III6 


816 


66 58 56 


543 338 496 


'OOI 225490 


9II69 


817 


... 667489 


—545338513 


'001223990 


91292 


818 


66 91 24 


547 343 432 


'OOI222494 


91275 


819 


67 07 61 


549 353 259 


•OOI22IOOI 


91328 


Sao 


'672400 


551 368 000 


X>OI2I95l2 


91381 



^ 




iP^lH 




m 


Squ«r=. 


C^b^. 


Raifw^^l 


cw. 




674041 


553387661 


■001218037 


9«434 




67 5^ 84 


555413348 


•001 3 16545 


91487 




... 677329 


■■■S57 44i7'57 


-001215067 


91540 




678976 


559 47^224 


■00121359a 


91593 




680635 


561515635 




91645 




... 682376 


■■■563559976 


-ooI'loS 


91698 




68 39 29 


565 609 2 83 


■001209190 


9175T 




685584 


567663553 


■DOI207729 


91S03 




... 687341 


...569723789 


-001306373 


91855 




688900 


571787000 


■001304819 


9.908 




690561 


573856 191 


■001203369 


91960 




... 692334 


-575930368 


-001201923 


92013 




693889 


578009537 


■001200480 


93065 




695556 


580093704 


■001 199041 


92117 




...697335 


...582182875 


-001:97605 


92^69 




69 88 96 


584 ^77 056 


■001196173 


93231 




70 05 69 


586376353 


■OOII94743 


92273 




... 70 83 44 


...588480473 


-001193317 


93324 




703931 


590589719 


■001 1 91895 


92376 




705600 


592704000 


■001190476 


93438 




... 707381 


...594823321 


-001189061 


93480 




708964 


596 947 688 


■001187648 


92531 




710649 


599077107 


■001186240 


92583 




... 712336 


...601 211 584 


-001184834 


92634 




714035 


603 351 135 


■001 183433 


92686 




715716 


605 495 736 


■001183033 


93737 




... 717409 


...607645433 


■001180638 


93788 




71 91 04 


6og 800 193 


■001179345 


92840 






611 960049 


■001 177856 


93891 




...732500 


...614135000 


-001176471 


92942 




734201 


616 395051 


■001175088 


92993 




735904 


6i3 470 208 


-001173709 


93044 




...727609 


...630650477 


-001173333 


93095 




729316 


622 835 864 


■001 170960 


93146 




731035 


635036375 


■001 1 6959 1 


93197 




...733736 


...637222016 


■OOI168224 


93247 




7344 49 


629423793 


^ ■OOI16686T 


93298 




736164 


631638713 


' ■OOII655OI 


93349 




...73788. 


-633839779 


-001164144 


93399 




739600 


636 056 000 


■001163791 


93450 




741321 


638377381 


■OOII6144O 


93500 




... 743044 


...640503928 


001160093 


93551 




. 74 47 69 


64a 735 647 


■001158749 


93601 




■^4^6496 


644973544 


■00 1 1 57 407 




m/k'n 


647314625 


■001156069 


^mL- J 



28 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


866 


749956 


649461 896 


•001 154734 


93752 


867 


751689 


651 714363 


•001 153403 


93802 


868 


... 753424 


...653972032 


'001152074 


93852 


869 


75 51 61 


656 234 909 


•001150748 


93902 


870 


75 69 00 


658 503 000 


•001 149425 


93952 


871 


... 758641 


...660776 311 


'001148106 


94002 


872 


760384 


663 054 848 


•001 1 46789 


94052 


873 


76 21 29 


665338617 


•001 145475 


94IOI 


874 


... 763876 


...667 627 624 


•OOII44165 


9415I 


875 


765625 


669921 875 


•001 142857 


94201 


876 


767376 


672 221 376 


•OOTI41553 


94250 


877 


... 7691 29 


...674526133 


•OOII4025I 


94300 


878 


77 08 84 


676836152 


•001 138952 


94349 


879 


77 2641 


679 151 439 


•001 137656 


94399 


880 


... 774400 


...681 472 000 


•OOII36364 


94448 


881 


77 61 61 


683797841 


•001 135074 


9449a 


882 


777924 


686128968 


•001 133787 


94547 


883 


...779689 


...688465387 


-001132503 


94596 


884 


781456 


690807 104 


'OOII3I222 


94645 


885 


783225 


693 154 125 


•001 129944 


94694 


886 


... 784996 


...695506456 


-001128668 


94743 


887 


786769 


697 864 103 


'OOII27396 


94792 


888 


78 85 44 


700 227 072 


•OOII26I26 


94841 


889 


... 790321 


...702595369 


•OOII24859 


94890 


890 


79 21 00 


704 969 000 


•OOII23596 


94939 


891 


793881 


707347971 


•OOH22334 


94988 


892 


... 795664 


...709732 288 


'OOII2I076 


95036 


893 


79 74 49 


712 121 957 


•001 1 1 982 1 


95085 


894 


799236 


714516984 


•001 1 18568 


95134 


895 


... 80 1025 


...716 917 375 


-001117318 


95182 


896 


802816 


719 323 136 


•OOIII607I 


95231 


897 


80 46 09 


721734273 


•001 1 14827 


95279 


898 


... 806404 


...724150792 


-OOIII3586 


95328 


899 


808201 


726572699 


•OOHI2347 


95376 


900 


81 0000 


729000000 


•OOIIIIIII 


95424 


901 


... 81 18 01 


..•731432701 


-001109878 


95472 


902 


81 3604 


7338^0808 


-001 108647 


95521 


903 


815409 


736314327 


•001 107420 


95569 


904 


... 8172 16 


—738763264 


•001 106195 


95617 


905 


81 9025 


741 217 625 


•001104972 


95665 


906 


82 08 36 


743677416 


•OOII03753 


95713 


907 


... 822649 


...746142643 


-OOII02536 


95761 


908 


824464 


748 613 312 


•OOIIOI322 


95809 


909 


826281 


751089429 


'OOIIOOIIO 


95856 


910 


82 81 00 


753571000 


•001098901 


95904 



29 



No. Square. 

911 ^29921 

912 831744 

913 ...833569 

914 83 53 96 

915 837225 

916 ,..839056 

917 84 08 89 

918 ^4 27 24 

919 ... 844561 

920 84 64 00 

921 ^48241 

922 ... 850084 

923 85 19 29 

924 85 37 76 

925 ...855625 

926 857476 

927 85 93 29 

928 ... 86 II 84 

929 863041 

930 . 86 49 00 

931 ... 866761 

932 86 86 24 

933 87 04 89 

934 ...872356 

935 87 42 25 

936 87 60 96 

937 ...877969 

938 87 98 44 

939 88 17 21 

940 ... 88 3600 

941 885481 

942 88 73 64 

943 ...889249 

944 89 II 36 

945 89 30 25 

946 ... 8949 16 

947 89 68 09 

948 89 87 04 

949 ... 900601 

950 90 25 00 

951 904401 

952 ... 906304 

953 90 82 09 

954 91 01 16 

955 91 20 25 



Cube. 
756 058 

758 550 
...761 048 

763551 
766 060 

..•768575 
771095 
773620 

...776 151 
778688 
781 229 

...783777 
786 330 

788889 

-..791453 
794022 

796 597 

...799178 

801 765 

^04 357 
...806 954 

809 557 
812 166 

...814780 
817 400 
820025 

...822656 
825 293 
827 936 

...830584 

833 237 

835 896 

...838561 

841 232 

843 908 

...846590 

849 278 

851 971 
...854670 

857 375 
860 085 

...862 801 

865 523 

568 250 

870 983 



031 
528 

497 

944 

875 
296 

213 
632 

^59 

000 

961 
448 

467 

024 

125 
776 

983 
752 
089 
000 
491 
568 

237 
504 

375 
856 

953 
672 

019 

000 

621 

888 

807 

384 
625 

536 
123 

392 

349 
000 

351 
408 

177 
664 

875 



Reciprocal 


C. Log. 


'oo 1 097 695 


95952 


•00 1 0964 9 1 


95999 


'001095290 


96047 


•001094092 


96095 


•001092896 


96142 


'001091703 


96190 


•001090513 


96237 


•001089325 


96284 


'001088139 


96332 


•001086957 


96379 


•001085776 


96426 


^001084599 


96473 


•001083424 


96520 


•00 1 082 25 1 


96567 


'001081081 


96614 


•OOIO799I4 


g666i 


•001078749 


96708 


'OOIO77586 


96755 


•DOIO76426 


96802 


'OOIO75269 


96848 


-001074114 


96895 


•OOIO72961 


96942 


'OOIO7181I 


96988 


-001070664 


97035 


'OOI069519 


97081 


-001068376 


97128 


-001067236 


97174 


•001066098 


97220 


-001064963 


97267 


'OOI06383O 


97313 


-001062699 


97359 


'OOI06157I 


97405 


-001060445 


97451 


-001059322 


97497 


-OOIO582OI 


97543 


-001057082 


97589 


-001055966 


97635 


-001054852 


97681 


'OOIO5374I 


97727 


•001052632 


97772 


•001051525 


97818 


^001050420 


97864 


•001049318 


97909 


•001048218 


97955 \ 



•001047 120 \ 



^'$>ooci\ 
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No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


9B^ 


91 39 36 


873722816 


•001046025 


98046 


957 


91 58 49 


876 467 493 


•001044932 


98091 


958 


... 917764 


...879 317 912 


•OOIO4384I 


98137 


959 


91 9681 


88i 974079 


•001042753 


98182 


960 


92 1600 


884 736 000 


•00 1 04 1 667 


98227 


961 


*.. 923521 


...887503681 


•001040583 


98272 


962 


92 54 44 


890277 128 


•00 1 03950 1 


98318 


963 


927369 


893 056 347 


•001038422 


98363 


964 


... 929296 


...895841344 


-001037344 


98408 


965 


931225 


898632 125 


•001036269 


98453 


966 


93 31 56 


901 428 696 


•00 1 035 1 97 


98498 


967 


... 939089 


...904231063 


'001034126 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


969 


938961 


909 853 209 


•001031992 


98632 


970 


... 940900 


...912673000 


'001030928 


98677 


971 


942841 


915 498 611 


•001029866 


98722 


972 


94 47 84 


918330048 


•001028807 


98767 


973 


... 94 67 29 


...921 167 317 


^001027749 


9881I 


974 


94 86 76 


924010424 


•OPIO26694 


98856 


975 


95 06 25 


926859375 


•001025641 


. 98900 


976 


... 952576 


...929 714 176 


•001024590 


98946 


977 


95 45 29 


932574833 


•OOIO2354I 


98989 


978 


95 64 84 


935441352 


•001022495 


99034 


979 


... 958441 


...93831^3739 


•OOIO21450 


99078 


980 


96 04 00 


941 192000 


•001020408 


99123 


981 


g6 2361 


944076 141 


•OOIOI9368 


99167 


982 


... 964324 


...946 966 168 


•001018330 


992II 


983 


g6 62 89 


949862087 


•OOIOI7294 


9925s 


984 


968256 


952 763 904 


•OOIO16260 


99300 


985 


... 9702 25 


...955671625 


'001015228 


99344 


986 


97 21 96 


958 585 256 


•OOIOI4199 


99388 


987 


97 41 69 


961504803 


•OOIOI317I 


99432 


988 


... 97 61 44 


...964430272 


•OOIOI2146 


99476 


989 


97 81 21 


967 361 669 


•OOIOIIT22 


99520 


990 


98 oi 00 


970 299 000 


•OOIOIOIOI 


99564 


991 


... 98 2081 


...973242271 


'001009082 


99607 


992 


98 40 64 


976 191 488 


•001008065 


99651 


993 


98 60 49 


979146657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


•oo 1006036 


99739 


995 


99 00 25 


985074875 


•001005025 


99782 


996 


99 20 16 


988 047 936 


•00 1 0040 1 6 


99826 


997 


... 99 4009 


...991 026 973 


'001003009 


99870 


998 


99 60 04 


994 on 992 


•001002004 


99913 


999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


1000 


...100 00 00 


...1000 000 000 


•001000000 


00000 



At 



Table 1 a. — ^Appboxihate Squabe asd Cube Eoots and 

BfCIFBOCALS OF PbIME NuMBEBS FBOM 2 TO 97. 



No. 
2 



Square Root. Cube Root. 

1*4142136 1*2599210 

3 17320508 1-4422496 

5 2*2360680 ^'7099759 

7 2*6457513 1*9129312 

11 3*3166248 2*2239801 

13 3<5o555i3 2*3513347 

17 4*1231056 2*5712816 

19 4*3588989 2*6684016 

23 47958315 2*8438670 

29 5*3851648 30723168 

3^ 5*5677644 3*1413806 

37 6*0827625 3*3322218 



41 

43 

47 

53 

59 
61 

67 

7^ 

73 

79 

83 
89 

93 
97 



Reciprocal. 
0*500000000 

•333333333 

•200000000 

•142857 143 
•090909091 
•076923077 
•058823529 
•052631579 
•043478261 
•034482759 
•032258065 
•027027027 
•024390244 
•023255814 



6*4031242 3*4482172 

65574385 3*5033981 

6*8556546 3*6088261 ^021276600 

7*2801099 37562858 '018867925 

7*6811457 3*8929965 •O16949153 

7*8102497 3*9364972 '016393443 

8-1853528 4*0615480 '014925373 

8*4261498 4*1408178 '014084507 

8-5440037 4*1793392 •013698630 

8*8881944 4*2908404 ^012658228 

9*1104336 4*3620707 '012048193 

9*4339811 4*4647451 -011235955 

9*6436508 4*5306549 ^010752688 

9*8488578 4*5947009 •o\o'>^o^i^'^ 
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TABLE OP ^UARES AITD FIFTH POWERS. 





Square. 


Fifth Power. 




Square. 


Fifth Power. 


ID 


I CO 


I 00000 


55 


3025 


5<532 84375 


II 


I 21 


I 61051 


56 


3^36 


5507 31776 


12 


144 


2 48832 


57 


3249 


6016 92057 


13 


I 6g 


371293 


58 


3364 


6563 56768 


14 


1 g6 


5 37824 


59 


3481 


7149 24299 


15 


225 


7 59375 


60 


3600 


7776 ooqoo 


16 


2 5<5 


10 4857^5 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


18 89568 


63 


3969 


9924 36543 


^9 


361 


24 76099 


64 


4096 


10737 4^824 


20 


400 


32 00000 


65 


4225 


1 1 602 90625 


21 


441 


40 84101 


66 


4356 


1252332576 


22 


484 


51 53632 


67 


4489 


13501 25107 


23 


529 


64 36343 


68 


46 24 


14539 33568 


24 


576 


79 62624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


20511149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


23730 46875 


31 


9 61 


286 29151 


76 


5776 


25355 25376 


32 


10 24 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


28871 74368 


34 


II 56 


454 35424 


79 


62 41 


30770 56399 


35 


1225 


52521875 


80 


6400 


32768 00000 


36 


12 96 


60466176 


81 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


792 35168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


41821 19424 


40 


1600 


1024 00000 


85 


7i2 25 


4437053^25 


41 


16 81 


1158 56201 


S6 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


147008443 


88 


77 44 


52773 19168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


81 00 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 21451 


47 


22 09 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


25 00 


3125 00000 


95 


9025 


77378 09375 


51 


26 01 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


91 


9409 


85873 40257 


53 


28 09 


4181 95493 


98 


96 04 


90392 07968 


. 54 


2g 16 


4591 65024 


99 


9801 


95099 00499 
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Table 2 a.— Pbime Factoes op Numbers up to 250. 

(Numbers without Factors are themselyes Prime.) 



2 




42 : 


= 2-37 


82 : 


= 2'4I 


3 




43 




83 




4 = 


= 22 


44 


22-11 


84 


22-37 


5 




45 


32-5 


85 


517 


6 


23 


46 


223 


86 


243 


7 




47 




87 


329 


8 


28 


48 


2*3 


88 


28-11 


9 


3^ 


49 


7^ 


89 




ID 


2-5 


50 


252 


90 


2-3^-S 


II 




51 


317 


91 


7*^3 


12 


22-3 


52 


22-13 


92 


22-23 


13 




53 




93 


331 


14 


27 


54 


2-38 


94 


2-47 


15 


3*5 


55 


5'" 


95 


5'i9 


i6 


2* 


56 


287 


96 


26.3 


17 




57 


3*19 


91 




i8 


232 


58 


2*29 


98 


272 


19 




59 




99 


32-11 


20 


22-5 


60 


22'3-5 


100 


22-52 


21 


37 


61 




lOI 




22 


2-II 


62 


2-31 


102 


2-3-I7 


23 




63 


32-7 


103 




24 


28.3 


64 


2« 


104 


28-13 


25 


5^ 


^5 


5-13 


105 


3-5'7 


26 


213 


66 


2'3-II 


106 


2*53 


27 


3« 


67 


_ 


107 




28 


22-7 


68 


22*17 


108 


22.38 


29 




69 


323 


109 




30 


2-3'5 


70 


2-57 


no 


2-5-11 


3' 




71 




III 


337 


32 


25 


72 


28.32 


112 


2*7 


33 


311 


73 




"3 




34 


2-17 


74 


237 


114 


2-3-19 


35 


KK 


75 


352 


"5 


5-23 


36 


22.32 


76 


22-19 


116 


22-29 


37 




77 


7-II 


117 


3^13 


38 


2*19 


78 


2-3-13 


118 


2-59 


39 


313 


79 




119 


7-17 


40 


2^5 


80 


2*5 


120 


28-3-5 


4A 




81 


3* 


I2£ 


Il2 



Si 
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122 : 


= 2'6l 


167 




212 : 


= 22-53 


123 


3'4i 


168 = 


= 28-37 


213 


371 


124 


22-31 


169 


13^ 


214 


2-107 


125 


5« 


170 


2-5-I7 


215 


5*43 


126 


2-3^7 


171 


32-19 


216 


28.38 


127 




172 


22.43 


217 


7-31 


128 


27 


173 




218 


2-109 


129 


343 


174 


2-3*29 


219 


373 


130 


2-513 


175 


5^7 


220 


22.5-11 


131 




176 


2*-II 


221 


13-17 


132 


22-3II 


177 


3*59 


222 


2 •3*37 


133 


719 


178 


2-89 


223 




134 


267 


179 




224 


2^.7 


135 


3^5 


180 


22.32.- 


225 


3^-5^ 


136 


23.17 


i8t 




226 


2-113 


137 




182 


2713 


227 




138 


2*3*23 


183 


361 


228 


22-3*l9 


139 




184 


28.23 


229 




140 


22-5.7 


185 


537 


230 


2-5-23 


141 


3 47 


186 


2.3.31 


231 


37-11 


142 


271 


187 


11-17 


232 


28*29 


M3 


11T3 


188 


22.47 


233 




144 


24.32 


189 


3*7 


234 


2.32.13 


145 


529 


190 


2-5-19 


235 


5-47 


146 


273 


191 




236 


22.59 


147 


372 


192 


26.3 


237 


379 


148 


22-37 


193 




238 


2-7-17 


149 




194 


2-97 


239 




150 


2 '3 5^ 


195 


5-3I3 


240 


2*3 5 


151 


f^ 


196 


2272 


241 




152 


2^-19 


197 




242 


2-Il2 


153 


3^W 


198 


2-32.11 


243 


3* 


154 


a7'ii 


199 




244 


22.61 


155 


5-31 


200 


28.52 


245 


57' 


156 


22.313 


201 


367 


246 


2-3'4i 


157 




202 


2-IOI 


247 


13-19 


158 


279 


203 


7-29 


248 


28-391 


^59 


3*53 


204 


22-3I7 


249 


383 


160 


2^-5 


205 


5*41 


250 


258 


161 


723 


206 


2-103 


251 




162 


2*3* 


207 


3^23 


252 


22.32.7 


163 


g^ 


208 


2*13 


253 


11-23 


164 


22'4I 


209 


11-19 


254 


2-127 


165 


3'5ii 


3IO 


2-3'57 


255 


3*5'i7 


166 


283 


211 




256 


28- 
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Tabus 3 and 3 a— Hyperbolic, Naperian, ok 
Natural Logaeithms. 

I 1. Table 3 gives tlie hyperbolic logaritlima of integer numbers 
Som 1 to 100. To find the hyperbolic logarithm of an integer 
THimber consisting of not more thau two significant figures followed 
by noughts; take tlie hyperbolic logarithm corresponding to the i 
significant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may bo found by | 
the aid of the second column of Table 3 a). For example, to find 
the hyperbolic logarithm of 3700; 

Hyp. log. 37, 3'61093 

SxHyp. log. 10, t-60_517 

Hyp. log. 3700, 8-2160D 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken J 
from tho second column of Table 3 A. 

2. The hyperbolic logarithm of the product of two numbers is 
tlie sum of their hyperbolic logarithms, For example. 

Hyp. log. 74, 4'30407 

Hyp. log. 60, 391202 

Hyp. log. 3700, 8-21fi09 

3. To find the hyperbolic logarithm of a decimal fraction contain- 
ing not more than two significant figures; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will he positive or negative according a ' 
the fraction is greater or less than 1. For example. 

Hyp. log. 37, 3'61092 

Hyp. log. 10, 2^303^ 

Hyp. log. 37, + i -30S33 

Hyp. log. 37, 3-61092 

3xHyp. log. 10, 6'9Q77 6 

Hyp. log. 0'037, - M9681 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negative 

4. Examples of the use of Table 3 A. 
L To find the hyperbolic logarithm of 377 from ita wimtasva. \ 

logarithm; 
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2*57634, common logarithm. 

2- 4-605170 

5 M51293 

7 161181 

G 13816 

3 691 

4 92 

Slim, 5-932243 

The required hyperbolic logarithm is thus found to be 5*93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

II. To find the common logarithm corresponding to the hyper- 
bolic logarithm 5-93224; 

5- 2171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2-57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logaritlunic tables; divide the difference of the 
numbers by their sum ; then add together twice the quotient, two- 
thirds of its cube, two-fifths of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attained ; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Required the hyperbolic logarithm of ^jy 

DinfereTice 7 

^ YTjj = '0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 = -0187416 

Cube, -0000009x1 = -0000006 

377 
Hyp. log. of o;^> correct to the seventh place of decimals, -0187422 

Note. — This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. For example, to find the 
hyperbolic logarithm of 377^ we have 
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3-61092 
2-30258 



From the tables, I ^^• }°S- ?^' 

' I hyp. log. 10, 

hyp. log. 370, 5-91350 

377 

Hyp. log. «=T., already calculated, 0-01874 

Hyp. log. 377, 5-93224 

6. To find the antUogarithm (or natm-al number) corresponding 
to a given positive hyperbolic logarithm by calculation, without 
using logarithmic tables ; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degi-ee of accuracy; 

First term = 1. 

Second term := The given hyp. log. 

Third tena = second term X ei^H^EJSi: , 

Fourth term = third tern. ^ BJI^^J^tM- , 

Fifth term = fourth term X ^^^"^ ^P" '"g"; ' 

4 

and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

Example. — To calculate the hyperbolic antilogarithm of 1 (in 
other words, the number whose hyperbolic logarithm is 1) to 
seven places of decimals; 

1st term, 1-0000000 



2d 


}) 


• • • 1 




...1-0000000 


3d 


f} 


^Z 


2d X i 


0-5000000 


4th 


99 


s= 


3d X i 


0-1666667 


5th 


99 


r= 


4th X i 


0-0416667 


6th 


99 


=: 


5th X i 


00083333 


7th 


99 


s= 


6th X i 


0-0013889 


8th 


99 


zn 


7th X f 


0-0001984 


9th 


99 


r= 


8th X i 


0000248 


10th 


99 


sz 


9th X i 


0-0000027 


11th 


99 


= 


10th X A 


0-0000003 



Hyperbolic antUogarithm of 1 = 2-7182818 

This number is called the hose of the i^apericm LogaTUKuvA) ^\A 
denoted in aUgehzn bjr the symbol « or e. 
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Table 3. — Hyperbolic LooABiTHMa 



No. 


Bji^Log. 


Na 


Hyp. Logi 


Na 


Hyp. Log. 


Na 


Hyp. Log. 


I 


O'OOOOO 


26 


325810 


51 


3*93183 


76 


4-33073 


2 


0-69315 


27 


329584 


B^ 


3*95^24 


77 


434381 


3 


1*09861 


28 


333220 


53 


3*97029 


78 


4*35671 


4 


1-38629 


29 


336730 


54 


3*9^898 


79 


4*36945 


5 


1-60944 


30 


3-40120 


55 


4*00733 


80 


4*38203 


6 


179176 


3^ 


343399 


56 


4*02535 


8i 


4*39445 


7 


1-94591 


32 


346574 


57 


4*04305 


82 


4*40672 


8 


207944 


33 


3*49651 


58 


4-06044 


83 


4*41884 


9 


2-19722 


34 


352636 


59 


4*07754 


84 


4*43082 


lO 


2-30259 


35 


3*55535 


60 


4*09434 


85 


4*44265 


II 


239790 


36 


358352 


61 


4-II087 


86 


4*45435 


12 


2-48491 


37 


361092 


62 


4-12713 


87 


4*46591 


13 


256495 


38 


363759 


63 


4*14313 


88 


4*47734 


14 


2*63906 


39 


366356 


64 


4-15888 


89 


4*48864 


15 


2*70805 


40 


3*68888 


65 


4*17439 


90 


4*49981 


16 


2*77259 


41 


3*71357 


66 


4*18965 


91 


4-51086 


17 


283321 


42 


3*73767 


67 


4-20469 


92 


4-52179 


18 


2-89037 


43 


3-76120 


68 


4-21951 


93 


4*53260 


19 


294444 


44 


3*78419 


69 


4*234" 


94 


4*54329 


20 


2*99573 


45 


3*80666 


70 


4-24850 


95 


4*55388 


21 


304452 


46 


3*82864 


71 


4-26268 


96 


4*56435 


22 


309104 


47 


3*85015 


72 


4-27667 


97 


4*57471 


23 


313549 


48 


3*87120 


73 


4*29046 


98 


4*58497 


24 


3-17805 


49 


3*89182 


74 


4-30407 


99 


4*59512 


25 


3*2i888 


50 


3-91202 


75 


4*3^749 


100 


4*60517 


Hyp. log. 10, 


correct to eight 


places 


of decimals, 


= 2-30258509. 



Table 3 a. — Multipliers for Converting Logarithms* 



Common into Hyperbolia 


Hyperbolic into Common. 


I 2*302585 


0*434294 I 


2 4-605170 


0-868589 2 


3 6*907755 


1*302883 3 


4 9*210340 


1*737x78 4 


5 11*512925 


2171472 5 


6 13*8155x0 


2-605767 6 


7 16-118096 


3-040061 7 


8 18-420681 


3*474356 8 


9 20-723266 


3*908650 9 


^ 23-025851 


4*342945 3L0 
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Table 4. — ^Multipliees for the Conveksion op Cibculab 

Lengths and Abea& 





A.— drcnmferences 


R— Diameters 


0.— Gircnmferencei 


1 D.— Badius-Lengths 




into 


into 


into 


into 






I>iainetarB. 


Circamferenoea. 


Badins-Lengths. 


Circumferences. 




T 


3*1416 


0*31831 


6*2832 . 


0*15916 


I 


2 


6*2832 


0*63662 


12*5664 


03183I 


2 


3 


9*4248 


0-95493 


18*8496 


0*47747 


3 


4 


12*5664 


1*27324 


25*1327 


0*63662 


4 


5 


15*7080 


i"59i55 


31*4159 


0*79578 


5 


6 


188496 


1*90986 


37*6991 


0-95493 


6 


7 


21*9911 


2*22817 


43*9823 


1*11409 


7 


8 


25*1327 


2*54648 


50-2655 


1*27324 


8 


9 


28*2743 


2*86479 


56-5487 


1*43240 


9 


lO 


31-4159 


3*18310 


62*8319 


1*59155 


10 




£.—Circa]ar Areas F.—SqnAre Areas 


G.—Degrees 


n.— Badius-Lengths 






into 


into 


into 


into 






Square Area& 


Circular Areas. 


Badius-Lengths. 


Degrees. 




I 


0-7854 


1*2732 


00174533 


572958 


I 


2 


1-5708 


2-5465 


0*0349066 


II45916 


2 


3 


23562 


3*8197 


0-0523599 


171*8873 


3 


4 


31416 


50930 


0*0698132 


229*1831 


4 


5 


3-9270 


6*3662 


00872665 


286*4789 


5 


6 


47124 


7*6394 


0*1047197 


343*7747 


6 


7 


5-4978 


8*9127 


0*1221730 


401*0705 


7 


8 


6*2832 


10*1859 


0*1396263 


458*3662 


8 


9 


7 -0686 


11*4592 


0*1570796 


515*6620 


9 


lO 


7-8540 


12*7324 


0-1745329 


5729578 


10 




L— Minutes K 


— Badins-Lengths 


L.— Seconds 


M.— Badius-Lengtha 


1 




into 


into 


into 


into 






BadioB-Lengtha 


Minutea 


Badius-Lengths. 


Seconds. 




I 


0*000291 


3437*75 


0*000005 


206265 


I 


2 


0*000582 


6875*50 


O'OOOOIO 


41^2530 


2 


3 


0*000873 


10313*24 


0*000015 


618794 


3 


4 


0*001164 


13750-99 


0*000019 


825059 


4 


5 


0*001454 


17188*74 


0*000024 


I031324 


5 


6 


0-001745 


20626*48 


0*000029 


1237589 


6 


7 


0*002036 


24064*23 


0*000034 


1443854 


7 


8 


0*002327 


27501*97 


0*000039 


1650I18 


8 


9 


0*002618 


30939*72 


0*000044 


1856383 


9 


lO 


0*002909 


34377*47 


0*000048 


2062648 


10 


20 


0*005818 




0*000097 




20 


30 


0*008727 




0*000145 




30 


40 


0*011636 




0*000194 




40 


50 


001 4544 




0*000242 







38 



NUMBERS AND FIGUBES. 



Table 3. — Hyperbolic Logarithms. 



No. 


Hyp.Los^ 


Na 


Hyp. Log. 


Na 


Hyp. Log. 


Na 


Hyp. Log. 


I 


O'OOOOO 


26 


3*25810 


51 


3-93183 


76 


4-33073 


2 


0-69315 


27 


329584 


52 


3*95^24 


77 


4-34381 


3 


1*09861 


28 


333220 


53 


3-97029 


78 


4-35671 


4 


1*38629 


29 


336730 


54 


3*9»898 


79 


4-36945 


5 


1*60944 


30. 


3*40120 


55 


4-00733 


80 


4*38203 


6 


179176 


31 


3*43399 


56 


4*02535 


8t 


4'39445 


7 


1*94591 


32 


346574 


57 


4*04305 


82 


4-40672 


8 


2*07944 


33 


3*49651 


58 


4*06044 


83 


4*41884 


9 


2*19722 


34 


352636 


59 


4-07754 


84 


4-43082 


lO 


230259 


35 


3*55535 


60 


4-09434 


85 


4-44265 


II 


2*39790 


36 


358352 


61 


4*11087 


86 


4-45435 


12 


2*48491 


37 


3*61092 


62 


4*12713 


87 


4-46591 


13 


256495 


38 


3*63759 


63 


4-14313 


88 


4*47734 


14 


2*63906 


39 


3*66356 


64 


4*15888 


89 


4-48864 


15 


2*70805 


40 


3*68888 


65 


4-17439 


90 


4-49981 


16 


2*77259 


41 


3*71357 


66 


4-18965 


91 


4*51086 


17 


2*83321 


42 


3*73767 


67 


4*20469 


92 


4*52179 


18 


2*89037 


43 


3*76120 


68 


421951 


93 


4-53260 


19 


2*94444 


44 


3*78419 


69 


4*23411 


94 


4-54329 


20 


2*99573 


45 


380666 


70 


4-24850 


95 


4*55388 


21 


3*04452 


46 


3*82864 


71 


4*26268 


96 


456435 


22 


3*09104 


47 


3*85015 


72 


4*27667 


97 


4*57471 


23 


3*13549 


48 


3*87120 


73 


4*29046 


98 


4*58497 


24 


3*17805 


49 


3*89182 


74 


4-30407 


99 


4-595J2 


25 


3*2i888 


50 


3*91202 


75 


4-3^49 


100 


4-60517 


H 


[yp. loff. 10, 


correct to eight 1 


places 


of decimals 


, = 2*30258509. 



Table 3 a. — ^Multipliers for Converting Logarithms* 



Couiiuon into Hyperbolia 


Hyperbolic into Common. 


I 2*302585 


0-434294 I 


2 4*605170 


0868589 2 


3 6*907755 


1-302883 3 


4 9*210340 


I737178 4 


5 11*512925 


2171472 5 


6 13*8x5510 


2*605767 6 


7 16*118096 


3040061 7 


8 18*420681 


3*474356 8 


9 20*723266 


3*908650 9 


10 23-025851 


4-342945 10 



■ 


^W 


^B^Ss^S 




m 


Table i.— Multipliebs for 


THE Conversion 


OF CiscuiAa ^1 






Lengths 


AND Akeas, 




^M 








a— BidlofhlieiDilIu ^1 














T 


3-1416 


0-31831 


6-2832 


0-I59I6 




2 


6-2833 


063662 


12-5664 


0-31831 




3 


9-4248 


"■95493 


18-8496 


0-47747 




' 4 


12-5664 


1-27324 


25-1327 


0-63662 




S 


15-7080 


i-59'55 


3i'4iS9 


0-79578 




6 


18-8496 


1-90986 


37-6991 


f95493 




7 


2 1 -991 1 


2-22817 


43-9823 


1-IT409 




8 


25-1327 


2-54648 


50-2655 


1-27324 


9 


28-2743 


2-86479 


56-5487 


1-43240 




lo 


3i'4t59 


3't83io 


62-8319 


1-59155 






B— ClimlarAw 


■* ^•-^''1^" ^™' 


a-nog™, n 


-Haflig^-Lopgilis 






Bqmr^ArMa. 


Circuiar Araas. 


HaaiuF-Lenglha. 


D^^^ 




I 


0-7854 


1-2732 


0-al74533 


57 ■2958 




2 


i-57°8 


2-5465 


0-0349066 


114-5916 




3 


2-3362 


3-8197 


o-°5^3599 


17 1 '8873 




4 


31416 


5-0930 




229-1831 




S 


3-9270 


6-3663 


0-0872665 


286-4789 




6 


4-7124 


7'639-l- 


0-1047197 


343-7747 




7 


5'497B 


8-9127 


0-I331730 


401 -070s 




e 


6-2832 


101859 


0-1396263 


458-3662 




9 


7-0686 


11-4592 


0-1570796 


515-6620 






7-8540 


12-7324 


o-'7453*9 


572-9573 






L-Mtaules 


K.~aniin.H-Lenslbs 








Endliia-LmgUiii. 


M^ntta. 


EaaiuB-Lengtha. 


Baconda. 




I 





000291 


343773 





000005 


206265 




2 





000582 


6875-5" 





□000 10 


4T353Q 




3 





000873 


10313-24 





000015 


618794 




4 







13750-99 





000019 


825059 




S 




001454 


17188-74 






1031324 




6 





001745 


20626-48 





000029 


1237389 




7 







2406423 





000034 


1443854 




8 





002327 


275"i'97 





000039 


1650118 




9 




002618 


30939-73 




000044 


1856383 


9 


lO 





002909 


34377-47 





000048 


2062648 


TO 


so 





005813 







000097 




20 


3° 





008737 







000145 




30 _ 


40 





011636 







000194 




^'"J 


SO 


0-01454+ 




0-000243 




"V 


l_ 










-■ 



40 numbers and fiqubes. 

Examples of the Use of Table 4. 

I. What is the circumfereDce of a circle whose diameter is 113 
inches ? Prom division A of the table, we have the following : — 

100 314-16 

10 31-416 

3 9-4248 

113 Sum, 355 0008 

The answer is 35 J inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the radius of a circle whose circumference is 710 
inches? Prom division B of the table, we have the following :— 

700 111-409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the tabla 

IIL What is the area in square inches of a circle of 8 inches 
diameter? Square of 8 = 64 = area in circula/r indies. Then, by 
division E of the table, 

60 47-124 

4 3-1416 

Area in sqyuare inches (to Jive figures only), 50'266 

IV. What is the diameter of a circle whose area is 5027 square 
inches? From division F of the table we have 

5000 6366-2 

20 25-4:65 

7 8-9127 

Area in circular inches {to Jive figures only), 6400-6 

the square root of which (by Table 1, the fractions being found by 
calculation) is 80*004, being the diameter required in inches, correct 
to five places of figures. 

V. How many radius-lengths are there in an arc of 57° 17' 45"? 

BadioB-Lengths. 

From division G, 50° 0-872665 

— — 7° 0-122173 

— — I, 10' 0-002909 

— — r 0-002036 

— — L, 40" 0-000194 

— — 5" 0-000024 

Total, 57° 17' 45" 1-OOOUOl 

or almost exactly one radius-length. 
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VL How many minutes are there in the arc which is one- 
eightieth (or 0*0125) of a radius-length? By division K we have 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42-9719 Anmer; 
or 42' 5^" nearly. 



Explanation op Table 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squai-es of tlieir 
diameters. 



Table 5. — Ciroumfebences and 


Abeas of Oibcles. 


Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


lOI 


317-30 


8oi2 


146 


458-67 


16742 


I02 


32044 


817I 


147 


461*81 


16972 


103 


32358 


8332 


148 


464*96 


17203 


104 


32673 


8495 


149 


468*10 


17437 


105 


329-87 


8659 


150 


471-24 


I767I 


106 


33301 


8825 


151 


474-38 


17908 


107 


33615 


8992 


152 


477-52 


18146 


108 


33929 


9161 


153 


48066 


18385 


109 


34243 


9331 


154 


483*81 


18627 


110 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


49009 


I9II3 


112 


351-86 


9852 


157 


493-23 


19359 


"3 


355'oo 


10029 


158 


496-37 


19607 


114 


35814 


10207 


159 


499-51 


19856 


"5 


361-28 


10387 


160 


502-65 


20106 


116 


364-42 


10568 


161 


505-80 


20358 


117 


367*57 


IO75I 


162 


50894 


20612 


T18 


37071 


10936 


163 


512*08 


20867 


119 


37385 


III22 


164 


515-22 


2II24 


120 


376-99 


II3IO 


165 


518-36 


21382 


121 


380-13 


11499 


166 


521-50 


21642 


122 


383-27 


1 1 690 


167 


524-65 


21904 


123 


386-42 


II882 


168 


52779 


22167 


124 


389*56 


12076 


169 


530-93 


22432 


125 


39270 


12272 


170 


53407 


22698 


126 


395-84 


12469 


171 


537'2i 


22966 


127 


398-98 


12668 


172 


540-35 


23235 


128 


402-12 


12868 


173 


54350 


23506 


129 


405-27 


13070 


174 


54664 


23779 


130 


408-41 


13273 


175 


54978 


24053 


131 


411-55 


13478 


176 


55292 


24329 


132 


414-69 


13685 


177 


55606 


24606 


133 


417-83 


13893 


178 


559*20 


24885 


134 


42097 


I4IO3 


179 


56235 


25165 


135 


424*12 


I43M 


180 


56549 


25447 


136 


427*26 


14527 


181 


56863 


25730 


137 


43040 


14741 


182 


57177 


26016 


138 


433-54 


14957 


183 


574-91 


26302 


139 


43668 


15175 


184 


57805 


26590 


T40 


439-82 


15394 


185 


581-19 


26880 


141 


442*96 


15615 


186 


584-34 


27172 


142 


446*11 


15837 


187 


587-48 


27465 


143 


449-25 


1 606 1 


188 


590-62 


27759 


144 


45239 


16286 


189 


59376 


28055 


I '45. 


455-53 


16513 


190 


596-90 


28353 



WM 




^H 43 






■ 


Dian. 


Circum. 


Arta. 


Diara. 


Orcnm. 


ATM. 


V 


1 19^ 


60004 


28652 


236 


741-42 


43744 




192 


60319 


28953 


237 


744-56 


44115 


^H 


193 


6o6'33 


29255 


238 


747-70 


44488 




194 


6o9'47 


29559 


239 


750-84 


44863 




19s 


6i3'6i 


29865 


240 


753-98 


45239 




196 


615-75 


30173 


241 


757-ia 


45617 




197 


618-89 


30481 


242 


760-27 


45996 


M 


198 


622*04 


30791 


243 


763-41 


46377 


■ 


199 


625-18 


31103 


244 


766-55 


46759 


f 




628 '32 


31416 


245 


76969 


47144 




, 2or 


631-46 


31731 


246 


77^-83 


47529 






634-60 


32047 


247 


775-97 


47916 




ao3 


637-74 


32365 


248 


77913 


48305 




■, 204 


64089 


32685 


249 


782-26 


48695 




205 


644-03 


33006 




785-40 


49087 




206 


647-17 


33329 


251 


788-54 


49481 




207 


650-31 


33654 


252 


791-68 


49S76 




208 


•553 45 


33979 


253 


794-82 


50273 




' 209 


656-59 


343°7 


254 


797-96 


50671 






65973 


34636 


255 


801-11 


51071 




211 


662-83 


34967 


256 


804-25 


51472 




213 


666-02 


35299 


^57 


807-39 


51875 




213 


669-16 


35633 


258 


810-53 


52279 




au 


673-30 




259 


813-67 


52685 




2ig 


<'75'44 


36305 




816-81 


53093 




216 


678'58 


36644 


261 


819-96 


53502 




217 


681-73 


36984 


262 


823-10 


53913 






68487 


37335 


263 


826-24 


54325 




219 


688-01 


37668 


264 


829-38 


54739 






691-15 


38013 


265 


832-52 


55155 




221 


694-29 


38360 


266 


835-66 


55572 




J23 


69743 


38708 


267 


838-81 


55990 




223 


7<=°-58 


39057 


268 


84195 


56410 




224 


703-73 


39408 


269 


845-09 


56832 




225 


706-86 


39761 


270 


848-23 


57256 




2z6 


Jio-oo 


40115 


371 


851-37 


576S0 




227 


7i3'i4 


40471 


272 


.854-51 


58107 




328 


716-28 


40828 


273 


85766 


58535 




329 


719-43 


41 1 87 


274 


86o-8o 


58965 




; 230 


733-57 


41548 


275 


863-94 


59396 




231 


725-71 


41910 


276 


867-08 


59828 




1 333 


728-83 


4^273 


277 


870-22 


60363 




1 333 


731-99 


42638 


278 


873-36 


60699 




»34 


735-13 


43005 


279 


87650 


61 n6 




235 


738-27 


43374 


280 


819-6S 


\ &T^^^\a 


J 



44 



Diam. 


Circiim. 


Area. 


Diam. 


Circum. 


Area. 


281 


88279 


62016 


326 


1024*16 


83469 


282 


885-93 


62458 


327 


1027*30 


83982 


283 


889-07 


62902 


328 


1030-44 


84496 


284 


892-21 


63347 


329 


1033*58 


85012 


285 


89535 


63794 


330 


103673 


85530 


286 


898-50 


64242 


331 


1039-87 


86049 


287 


901*64 


64692 


332 


1043*01 


86570 


288 


90478 


65144 


333 


1046*15 


87092 


289 


907-92 


65597 


334 


1049*29 


87616 


290 


911*06 


66052 


335 


1052-43 


8814I 


291 


914*20 


66508 


336 


1055*58 


88668 


292 


917*35 


66966 


337 


105872 


89197 


293 


920-49 


67426 


338 


1 06 1*86 


89727 


294 


923*63 


67887 


339 


1 065*00 


90259 


295 


926*77 


68349 


340 


1068*14 


90792 


296 


929-91 


68813 


341 


1071*28 


91327 


297 


933*05 


69279 


342 


1074-42 


91863 


298 


936-19 


69747 


343 


1077-57 


92401 


299 


939*34 


70215 


344 


108071 


92941 


300 


942*48 


70686 


345 


1083-85 


93482 


301 


94562 


71158 


346 


108699 


94025 


302 


94876 


7163I 


347 


1090*13 


94569 


303 


951*90 


72107 


348 


1093*27 


95"5 


304 


955*04 


72583 


349 


1096*42 


95662 


305 


958-19 


73062 


350 


1099*56 


962 1 1 


306 


961*33 


73542 


351 


1102*70 


96762 


307 


964*47 


74023 


352 


1105*84 


97314 


308 


967*61 


74506 


353 


1108*98 


97868 


309 


970-75 


74991 


354 


1II2'12 


98423 


310 


973*89 


75477 


355 


TH5"27 


98980 


3^1 


977*04 


75964 


356 


1118-41 


99538 


312 


980*18 


76454 


357 


1121-55 


100098 


313 


983*32 


76945 


358 


1124*69 


100660 


314 


986*46 


77437 


359 


1127*83 


101223 


315 


989*60 


77931 


360 


1130*97 


101788 


316 


99274 


78427 


361 


1134*12 


102354 


317 


995*88 


. 78924 


362 


1137*26 


102922 


318 


999*03 


79423 


363 


1140*40 


103491 


319 


1002*17 


79923 


364 


1143*54 


104062 


320 


1005*31 


80425 


365 


1146-68 


10463s 


321 


1008*45 


80928 


366 


1149*82 


105209 


322 


1011*59 


81433 


367 


1152*97 


105785 


323 


101473 


81940 


368 


1156*11 


106362 


324 


1017*88 


82448 


369 


1159*25 


I 0694 I 


325 


I02I-02 


82958 


370 


1162-39 


107521 







^^^ 45 




^^^H 














DUiffl. 


Circpn,. 


Area. 


Diara, 


Ciroim. 


Ana. 


m 


37" 


"6553 


108103 


416 


1306-91 


J3S918 


■ 


372 


1168-67 


108687 


417 


1310-05 




■ 


373 


ii7i8r 


109273 


418 


1313-19 


137238 


■ 


374 


1174-96 


109858 


419 


i3'6-33 


'37885 


■ 


375 


II78-IO 


110447 


430 


I3i9'47 


138544 


^ 


376 


. II81-2+ 


I I 1036 


421 


1332-61 


139205 




377 


1184-38 


111628 


422 


1325-75 


139867 




378 


1187-53 


1I222I 


423 


1338-89 


140531 




379 


II90-66 


II2815 


424 


1332-04 


141196 




380 


1193-81 


II34II 


425 


i335'i8 


141863 


^H 


381 


1196-95 


II4OO9 


436 


1338 '32 


142531 


■ 


382 


1300-09 


1 1 4608 


427 


1341-46 


143301 


■ 


383 


1203-23 


115309 


428 


1344-60 


143872 


■ 


384 


1206-37 


I.5812 


439 


134774 


144545 


■ 


385 


1209-31 


116416 


430 


1350-89 


145220 


■ 


386 


I2I2-66 


117021 


431 


1 35 4 ■03 


145896 


■ 


387 


1215-80 


II7628 


432 


1357 "17 


146574 


■ 


388 


1218-94 


II8237 


433 


i3fio'3i 


147254 


■ 


389 


1222-08 


118847 


434 


1363 '45 


147934 


■ 


390 


1235-22 


119459 


435 


1366-59 


148617 


■ 


391 


1228-36 


120073 


436 


1369-73 


I4930I 


■ 


39a 


1 231 -SO 


120687 


437 


1372-88 


149987 




393 


1234-65 


121304 


438 


1376-02 


150674 




394 


1237-79 


121932 


439 


1379-16 


'51363 




395 


1240-93 


122542 


440 


1382-30 


152053 




396 


1 344 -07 


123163 


441 


1385 '4 4 


152745 




397 


1247-31 


123786 


442 


1368-58 


153439 




398 


i250'3S 


134410 


443 


1391-73 


154134 




399 


1253-50 


125036 


444 


1394-87 


154830 




4C» 


ia56-64 


1256(54 


445 


1398-01 


155528 




401 


1259-78 


126293 


446 


1401-15 


156338 




40a 


1262-92 


126923 


447 


1404-29 


156930 




403 


1266-06 


i^i5r,6 


448 


1407-43 


157633 




404 


1269-20 


128190 


449 


1410-53 


158337 




40s 


1272-35 


138825 


450 


141373 


159043 




406 


1275-49 


129462 




1416-86 


159751 




407 


1278-63 


1301D0 


452 


1420-00 


160460 




408 


1281-77 


130741 


453 


1423-14 


161171 




409 


1284-91 


131382 


454 


1426-38 


I6I883 




410 


1288-05 


133025 


455 


1429-43 


163597 




411 


1291-19 


132670 


456 


i43=-57 


163313 




41a 


1394-3+ 


133317 


457 


143571 


164030 




413 


1297-48 


133965 


458 


1438-85 


164748 




414 


1300-62 


134614 


459 


1441-99 


165468 




4' 5 


1303-76 


135265 


460 


14451:^ 


y -vbfii^ \ ^M 


— J 



p 








m 


^" 




^ 




Dim. 


Grcum. 


Athl 


Diam. 


Circum. 


Area. 






461 


1448-37 


166914 


506 


1589-65 


201090 




463 


145 1 43 


167639 


507 


159279 


3DI8S6 ^ 




463 


1454-56 


168365 


508 


1595*93 


202683 j^H 




464 


145770 


169093 


509 


1599-07 


203482 H 




465 


1460-84 


169823 


510 


1602 -3 1 


304383 H 




466 


1463-98 


17055+ 


5" 


1605-35 


205084 H 




467 


1467-12 


171287 


512 


1608-50 


205887 H 




468 


1470-27 


172021 


513 


1611-64 


206693 ^^M 




469 


1473-41 


172757 


514 


161478 


207499 ^M 




470 


uiHs 


173494 


515 


1617-93 


308307 4^H 




47 1 


1479-69 


174334 


516 


1631-06 


209117 1H 




473 


1482-83 


174974 


517 


,624-20 


309928 H 




473 


1485-97 


1757 16 


518 


1627-35 


310741 .^H 




474 


1489-ia 


176460 


519 


1630-49 


211556 :H 




475 


1492-25 


177205 


520 


1633-63 


212372 |H 




476 


1495-40 


177953 


531 


163677 


'13189 H 




477 


149854 


178701 


522 


1639-91 


214008 H 




478 


rgoi-68 


179451 


533 


1643-05 


314839 ■ 




479 


1 504-8 3 


180203 


524 


1646-20 


215651 


m 




4B0 


1507-96 


180956 


525 


1649-34 


21647s 


■ 




481 


1511" 


18I7II 


536 


1652-48 


317301 






482 


1514-35 


182467 


527 


i655-6a 


218128 






483 


•517-39 


183325 


538 


1658-76 


218956 






484 


1520-53 


183984 


529 


1661-90 


219787 






485 


1523-67 


18474s 


530 


1665-04 


220618 






486 


1526-81 


185508 


531 


1668-19 


33:453 






487 


1529-96 


186372 


533 


1671-33 


322287 






4SS 


1533-10 


187038 


533 


1674-47 


333133 






489 


1536-24 


187805 


534 


1677-61 


223961 


^M 




490 


1539-38 


188574 


535 


1680-75 


224801 ^m 




491 


1542-53 


189345 


536 


1683-89 


235643 H 




492 


154566 


190117 


537 


1687-04 


226484 H 




493 


1548-81 


190890 


538 


169018 


337339 ^m 




494 


1551-95 


191665 


539 


1693-33 


22S175 H 






1555-09 


192442 


540 


1696-46 


339033 j^m 




496 


1558-23 


193221 


541 


1699-60 


229S71 H 




497 


1561-37 


194000 


543 


170274 


230723 \^M 




498 


1564-51 


194782 


543 


1705-88 


331574 ^H 




499 


1567-65 


195565 


544 


1709-03 


232428 'H 




5°o 


1570-80 


196350 


545 


1712-17 


333^83 


^^ 




501 


157394 


197136 


546 


1715-31 


234140 






503 


1577-08 


197923 


547 


1718-45 


234998 






503 


1580-22 


198713 


548 


1731-59 


235858 






504 


1583-36 


199504 


549 


173473 


336730 i^ 




50s 


1586-50 


200296 


S50 


1737-88 


237583 


■ 




^ 










1 


1 





^H 


^^F 47 


1 


^H 


1 


Di™. 


Ciroim. 


Area. 


Diain. 


CircUDL 


Area. 


V 


551 


I73T-Qa 


238448 


596 


1872-39 


278986 


■ 


552 


1734-16 


239314 


597 


1875-53 


279923 




5S3 


1737.30 


24D182 


598 


1878-67 


280863 




554 


1740-44 


341051 


599 


1881-81 


281802 




555 


174358 


241922 


600 


,884-96 


2it2743 




5S« 


174673 


242795 


601 


1888-10 


283687 




557 


1749-87 


243669 


602 


1891-24 


284631 


■ 


55a 




244545 


603 


1894-38 


285578 


■ 


559 


I756I5 


345422 


604 


1897-52 


286536 


■ 


560 


1759-29 


246301 


605 


1900-66 


287475 


■ 


561 


i76a'43 


247181 


606 


1903-81 


S88426 


■ 


SAi 


I763'58 


348063 


607 


I906-9S 


289379 


■ 


5«3 


176872 


248947 


608 


I9IO-Q9 


290334 


1 


564 


i7Vr86 


24983a 


eo^ 


1913-23 


291289 




5«5 


1773-00 


250719 


610 


1916-37 


392247 




566 


1778-14 


251607 


611 


1919-51 


393206 




5<i7 


I78i'28 


352497 


6l2 


1922-65 


294166 




568 


1784-42 


253388 


613 


1925-80 


395128 


^- 


S69 


1787 '57 


354281 


614 


1928-94 


296092 


m 


S70 


179071 


255176 


615 


1932-08 


397057 


■ 


571 


1793-85 


256072 


616 


1935-22 


298024 


1 


572 


i7()6'99 


356970 


617 


1938-36 


298992 




573 


1800-13 


257869 


618 


1941-50 


299963 




574 


180327 


258770 


619 


1944-65 


30'=934 




575 


1806-42 


259672 


620 


1947-79 


301907 




576 


1809-56 


260576 


621 


1950-93 


302882 




577 


1812-70 


261482 


6Z2 


1954-07 


303858 




57S 


1815-84 


262389 


623 


1957-2* 


304836 




579 


1818-98 


263298 


624 


1960-35 


3°58i5 




580 


i8a2-i2 


364208 


625 


1963-50 


306796 




58. 


1825-37 


265120 


626 


I966-6+ 


307779 




S82 
583 


1828-41 


366033 


627 


196978 


308763 




1831-55 


266948 


628 


1972-92 


309748 




584 


1834-69 


267865 


629 


1976-06 


310736 




S85 


1837-83 


368783 


630 


1979-20 


311735 




585 


1340-97 


269702 


63. 


198235 


313715 




687 


1844-it 


270624 


632 


1985-49 


313707 




588 


1847-26 


271547 


633 


1988-63 


314700 




S89 


i850'40 


272471 


634 


199177 


315696 




59= 


1853-54 


^73397 


635 


1994-91 


316692 




591 


1856-68 


274325 


636 


1998-05 


317690 




59« 


i859'82 


275254 


637 


2001-19 


318690 




593 


1862-96 


276184 


638 


2004-34 


319692 




594 


1866-11 


277117 


639 


2007-48 


320695 




595 


i869'2S 


27805a 


640 


2Qio-6a 


\ i^-it^Ov^ 












J 



48 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


641 


2013-76 


322705 


686 


215513 


369605 


642 


2016*90 


323713 


687 


2158*27 


370684 


643 


2020*04 


324722 


688 


2161*42 


371764 


644 


2023*19 


325733 


689 


2164*56 


372845 


645 


2026*33 


326745 


690 


2167*70 


373928 


646 


2029*47 


327759 


691 


2170*84 


375013 


647 


2032*61 


328775 


692 


2173*98 


376099 


648 


2035-75 


329792 


693 


2177*12 


377187 


649 


2038*89 


3308J1O 


694 


2180*27 


378276 


650 


2042*04 


33183I 


695 


2183-41 


379367 


651 


2045*18 


332853 


696 


2186-55 


380459 


653 


2048*32 


333876 


697 


2189-69 


381554 


653 


2051*46 


334901 


698 


2192-83 


382649 


654 


2054-60 


335927 


699 


2195-97 


383746 


655 


2057*74 


336955 


700 


2199*11 


384845 


656 


2060*88. 


337985 


701 


2202*26 


385945 


657 


2064*03 


339016 


702 


2205*40 


387047 


658 


2067*17 


340049 


703 


2208-54 


38815I 


659 


2070*31 


341084 


704 


2211*68 


389256 


660 


2073*45 


342II9 


705 


2214*82 


390363 


66t 


2076*59 


343157 


706 


2217*96 


391471 


662 


2079-73 


344196 


707 


2221*11 


392580 


663 


2082-88 


345237 


708 


2224*25 


393692 


664 


2086-02 


346279 


709 


2227*39 


394805 


665 


2089*16 


347323 


710 


2230*53 


395919 


666 


2092*30 


348368 


711 


2233-67 


397035 


66j 


2095*44 


349415 


712 


2236-81 


398153 


668 


2098-58 . 


350464 


713 


2239-96 


399272 


669 


2101*73 


351514 


714 


2243-10 


400393 


670 


2104*87 


352565 


715 


2246-24 


4OI515 


671 


2108*01 


353618 


716 


2249-38 


402639 


672 


2III*I5 


354673 


717 


2252-52 


403765 


673 


2114*29 


355730 


718 


2255-66 


404892 


674 


2117-43 


356788 


719 


2258-81 


406020 


675 


2120*58 


357847 


720 


2261-95 


407150 


676 


2123*72 


358908 


721 


2265-09 


408282 


677 


2126*86 


359971 


722 


2268*23 


409416 


678 


2130-00 


361035 


723 


2271-37 


410550 


679 


2133*14 


362IOI 


724 


2274-51 


4I1687 


680 


2136*28 


363168 


725 


2277-65 


412825 


681 


2139*42 


364237 


726 


2280*80 


413965 


682 


2142-57 


365308 


727 


2283-94 


415106 


683 


2145*71 


366380 


728 


2287*08 


416248 


684 


2x48-85 


367453 


729 


2290*22 


417393 


)6Sb\ 


2151*99 


368528 


730 


2293*36 


418539 



■1 


^^ 


^^FiQ 


^ 




m 


Kanir 


CJcura. 


Ana. 


Dim. 


CircunL 


a™. 




»3'' 


3296-50 


419686 


776 


2437-88 


472948 


^^k 


K' 


2299-65 


420835 


777 


2441-02 


474168 


^H 


133 


2302-79 


421986 


778 


3444-16 


475389 


■ 


J34 


33°5'93 


423139 


779 


2447-30 


476612 




I3S 


2309-07 


424293 


780 


3450-44 


477836 




I3« 


2313-21 


425448 


781 


2453-58 


47906a 




131 


2315-35 


426604 


782 


245673 


480290 




738 


:=3'8-5o 


427762 


783 


2459-87 


481519 




739 


232r64 


428922 


784 


2463-01 


482750 




740 


232478 


4300B4 


785 


2466-15 


483982 




741 


2337-93 


431247 


7B6 


2469-29 


485316 




742 


2331-06 


432412 


787 


2472-43 


486451 




743 


2334-20 


433578 


788 


2475-58 


487688 




744 


2337-34 


43474^ 


789 


2478-72 


488927 




74S 


2340-49 


435916 


79° 


2481-86 


490167 




746 


2343-63 


437087 


791 


2485-00 


491409 




747 


2346-77 


438259 


792 


2488-14 


492653 




J48 


2349-91 


439433 


793 


2491-28 


493897 




749 


2353-05 


440609 


794 


2494-42 


495143 




75" 


2356-19 


441786 




2497-57 


496391 




751 


2359-34 


442965 


796 


250071 


497641 




1 IS' 


2362-48 


444146 


797 


2503-85 


498892 




k 753 


23^3-62 


4453^8 


793 


3506-99 


500145 




ll7S4 


a36li-76 


446511 


799 


2510-13 


501399 




■ 7SS 


237 1 "90 


447697 


800 


2513-27 


502655 




756 


2375-04 


448883 


801 


2516-42 


503912 




757 


2373-19 


450072 


802 


251956 


505171 




75S 


238.-33 


451262 


803 


2522-70 


506432 




759 


2384-47 


452453 


804 


2525-84 


507694 




7«o 


3387 -6 1 


453646 


805 


2528-98 


508958 




,61 


2390-75 


454841 


806 


2532-12 


510223 




,6a 


2393-89 


456037 


807 


2535-27 


511490 




7«3 


2397-04 


457234 


808 


2538-41 


512758 




7«4 


2400-18 


458434 


809 


2541-55 


514028 




7'5 


2403-32 


459635 


810 


2544-69 


515300 




766 


3406-46 


460837 


8ti 


2547-83 


516573 




7S7 


2409-60 


462041 


8t2 


2550-97 


517848 




768 


2412-74 


463247 


813 


2554-11 


519124 




769 


2415-88 


464454 


8t4 


2557-26 


520402 




77° 


2419-03 


465663 


815 


2560-40 


521681 






2422-17 


466873 


816 


2503-54 


532962 






3425-31 


468085 


817 


2566-68 


534245 




^ra73 


3428-45 


469298 


818 


2569-82 


525539 






243' 59 


470513 


819 


2573-96 


526814 




JB75 


2434-73 


471730 


820 


2576-n 


t,iSi\^^ 




m 


^ 


' 











■ 


■ 






ii 


^^ 


^^M 




Diam. 


Ciruira. 


Area. 


Diam 


Citciun. 


Ana. 




821 


2579.23 


529391 


866 


2720-63 


589014 




822 


2582-39 


530681 


867 


2723-76 


59037s 




823 


2585-53 


531973 


868 


2726-90 


591738 




824 


2588-67 


533267 


869 


273004 


593103 




825 


2591-81 


534562 


87= 


2733I9 


594468 




826 


2594-96 


535853 


87, 


2736'33 


59583s 




827 


2598-10 


537157 


872 


2739'47 


597204 




S28 


2601-34 


538456 


«73 


3742-61 


59857s 




839 


26o4'38 


539758 


874 


274573 


599947 




830 


2607 'ga 


541061 


87S 


2748-89 


601330 




831 


26io'66 


542365 


876 


27 5' '04 


603696 




S32 


261381 


543671 


877 


2755-18 


604073 




833 


26i6'9g 


544979 


878 


2758-32 


60S451 




834 


Z620'D9 


546288 


879 


276i'46 


606831 




S35 


2623-23 


547599 


880 


2764^60 


60821a 




836 


2fi26'37 


548912 


88r 


276774 


609595 




837 


2629 '5 1 


550226 


883 


277o'88 


610980 




838 


2632 'Ss 


551541 


833 


2774-03 


612366 




839 


2G35'8o 


552853 


S84 


2777-17 


613734 




84Q 


363B'94 


554177 


88s 


3780-31 


615143 




841 


2642-08 


S55497 


886 


2783-45 


616534 




842 


2645'2a 


556819 


887 


2786-59 


617927 




S43 


264836 


558142 


888 


278973 


619321 




844 


2651-51 


559467 


889 


2792-88 


620717 




84s 


2654-65 


560794 


89D 


3796-02 


622114 




846 


265779 


S62122 


891 


2799-16 


623513 




847 


2660-93 


563452 


892 


2803-30 


624913 




848 


2664-07 


564783 


893 


2805-44 


626315 




849 


2667-21 


566116 


894 


2808-58 


627718 




850 


2670-35 


567450 


89s 


2811-73 


629124 




8s. 


2673-50 


568786 


S96 


2814-87 


630530 




ss> 


2676'64 


570124 


897 


2818-01 


631938 




853 


2679-78 


571463 


898 


2831-15 


633348 




SS4 


2682-93 


572803 


899 


a824'29 


634760 




8SS 


2686.06 


574146 


900 


2827-43 


636173 




856 


2689-20 


575490 


901 


2830-58 


637587 




8S7 


269 2 '34 


576835 


902 


2833-73 


639003 




858 


2695-49 


578'82 


903 


2836-86 


640421 




8S9 


2698-63 


579530 


904 


3840-00 


64.840 




860 


2701-77 


58088Q 


905 


2843-14 


643261 




861 


2704-91 


582232 


906 


2846-38 


644683 




862 


sjoS'os 


583585 


907 


2849-42 


646.07 




853 


2711-19 


584940 


908 


2853-57 


647533 




864 


2714-34 


586297 


909 


3855-71 


648960 




86s 


37 17 ■48 


587655 


910 


2858-83 


650388 


u 


k 










i 





Dba 


Cimnn. 


Arta. 


Diam. 


CItc.mi. 


Arci. 




911 


2861-99 


651818 


956 


3003-36 


717804 




L,9" 


3865-1. 1 


65325a 


957 


3006-50 


719306 




ks»3 


2868■2^ 


654684 


95S 


3009-65 


730810 




■)>« 


2871-43 


656119 


959 


3012-79 


732316 




Kis 


2874-56 


657555 


960 


3015-93 


733823 




■ igili 


3877-70 


658993 


961 


30 1 9 -07 


725332 




917 


2880-84 


660433 


962 


3022-21 


726842 




9.8 


2883-98 


661874 


963 


3025-35 


728354 




919 


2887-13 


663317 


964 


3028-50 


729867 




Hi 9=0 


2890-27 


664761 


965 


3031-64 


731382 




fts" 


2893-41 


666207 


966 


303478 


732899 




K" 


2896-55 


667654 


967 


3037-93 


734417 




■ 993 


2899-69 


669103 


968 


3041-06 


735937 




■ 9.4 


2902-83 


67°554 


969 


3044-20 


737458 




9^5 


2905-97 


672006 


970 


3047-34 


738981 




9.6 


290911 


673460 


971 


3050-49 


740506 




L 9»7 


2912-26 


674915 


972 


3053-63 


742032 




9j8 


2915-40 


676372 


973 


3056-77 


743559 




929 


2918-54 


677831 


774 


3059-91 


745088 




930 


2921-68 


679291 


975 


306305 


746619 




93> 


2924-82 


680753 


976 


3066-ig 


748151 




93" 


3927-96 


682216 


977 


3069-34 


749685 




933 


2931 ■» I 


683680 


973 


3072-48 


75I22I 




934 


3934-25 


685147 


979 


3075-62 


752758 




S35 


2937-39 


686615 


980 


3078-76 


754296 




«3S 


2940'53 


688084 


93. 


3081-90 


755837 




937 


2943-67 


689555 


982 


3085-04 


757378 




938 


3946-81 


691028 


983 


3088-19 


758922 




939 


2949-96 


693502 


984 


3091-33 


760466 






2953'io 


693978 


985 


3094-47 


762013 




94t 


2956-24 


695455 


986 


3097-61 


763561 






3959'38 


696934 


987 


3TOO-75 


765'" 




943 


3962-52 


69841S 


988 


3103-89 


766662 




944 


3965-66 


699897 


989 


3107-04 


768315 




945 


2968 '8 1 


701380 


990 


3IIO-I8 


769769 




946 


2971-95 


702865 


991 


3113-32 


771325 




947 


2975-09 


7°4353 


992 


3116-46 


772883 




94S 


2978-23 


705840 


993 


3119-60 


774441 




949 


2981-37 


707330 


994 


3<a2-74 


776003 




930 


2984-51 


708822 


995 


3125-88 


777564 




951 


2987-65 


710315 


996 


312903 


779128 




952 


2990-80 


711810 


997 


3132-17 


780693 




953 


2993-94 


713306 


998 


3135-31 


782260 




..JS4 


2997-08 


714803 


999 


3138-43 


783828 




K55 


3000-22 


716303 




3U1.-59 


i%;,i,^'4 


KL- M 
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TRIGONOMETRICAL RULES. 

(The following is a summary of the principles and chief rules of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometrical Functions Defined. — Suppose that A, B, 
stand for the three angles of a right-angled triangle, C being the 
right angle, and that a, b, c stand for the sides respectively opposite 
to those angles, c being the hypothenuse ; then the various names 
of trigonometrical functions of the angle A have the following 
meanings : — 

• A ** A ^ 

sm A = - : cos A = - : 
c c 

. c—b . . c—a 

versm A = : coversin A = : 

c c 

tan A = 7 : cotan A = - : 
b a 

sec A = r- : cosec A = - . 
6 a 

The complement of A means the angle B, such that A + B = a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. ReUUiona^ amongst the Trigonometrical Fv/nctions of One 
Angle, A, and of its Supplement, 180° — A: — 

A n 9~T tan A 1 

sm A =: V 1 — cos^ A =: r- = r : 

sec A cosec A 



cos 



. /"I . q . cotan A 1 

A = V 1 — sm^ A = r- = 



cosec A sec A' 
versin A = 1 — cos A; 
coversin A =: 1 — sin A ; 

tan A == = — -■ = sin A • sec A = J sec^ A — 1 ; 

cos A cotan A 

cotan A =: . — . =: •: r = cos A • cosec A = V cosec^ A — 1 ; 

sin A tan A 

1 ^ 

8ecA=: r= V l+tan^A; 

cos A 

cosec A = -: — r = n/ 1 + cotan^ A. 
sin A 



TlilGONOMETRICAL BULES. 53 

sm(180* — A) = sinA; 

cos (180* — A) = — cos A; 

versin (180* — A)=l+cosA=r2 — versin A; 

coversin (180° — A) = coversin A; 

tan (180* — A) = — tan A; 

cotan (180* — A) = — cotan A; 

sec (1 80* — A) = — sec A j 

cosec (180* — : A) = cosec A. 

To compute sines, <S^., approximately by series; reduce the 
angle to circular measure — that is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A. Then 

• A - A ^* AS A7 

sin A - A - ^ + 2 3^^ - 2.3.4.5.6.7 ■*" ^"^ 

A2 A* A® 

ILL Trigonometrical Functions of Two Angles: — 

sin (A i±:; B) = sin A cos B z±z cos A sin B ; 
cos (A =+= B) = cos A cos B =+= sin A sin B; 

/ A ^^_ T>\ tan A =±z tan B 

tan (A dt B) = 4 j—r — 15. 

^ ^ 1 i+= tan A tan B 

IT. JTormuIcB/or the Solution of Plane Triangle. — Let A, B, C 
be the angles, and a, 6, c the sides respectively opposite them. 

1* Belatioiu amonsst the Angles — 

A + B + = 180''; 
or if A and B are given, 

C = 180** - A - B. 

2. When the Angles and One Side are given, let a be the given 

side; then the other two sides are 

- sin B sin C 

= a '- — T-; ^ a* -. — r-. 

sin A sin A 

3. When Two Sides and the Included Angle are giveBf let a, 6 be 

the given sides^ C the given included angle; then 
To find the third side. First Method: 

c = ^ (a* + 62 - 2 a 6 cos C); 

Second Method: Make sin D = =- • cos -x- j ^^^ 

a + 6 2 

c = (a + 6) cos D. 
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Third Method: Make tan E = r- '^7% I thea 

c = (a — 5) sec R 

To find the remaining cmgles, A and B. 
If the third side has been computed^ 

sin A = - • sin : sin B = - • sin C. • 

c ' c 

If the third side has not been computed^ 

A+B C . A-B a-b , 



tan 



2 



= cotan -^ : tan — ^ — = r cotan -^ : 

2' 2 a + 6 2' 



. A+B A-B ^ A+B A-B 
^ = —2^ ■*■ — 2~> ^ = ""2 2— 

4. When the Three Sides are giren, tO find any OTieofthe OmgleSf 

such as C — 

cos = 5 — 7 — ; 

2 ao 

or otherwise, let 

a •¥ h -¥ c '. 
8 = 5 ; then 



cos 



l-V^'^hV'^^^' 



cotan^ = ./ ^(^-c) , tan? = a/ (i^L^Lfcn^; 

2 V(«-a)(5-6)' 2 V 8{8--c) ' 

sin C = 2^^^(^-^)(^--^)(^-"^ ) 

a b 

Note. — In all trigonometrical problems, it is to be borne in mind, 
that small acute angles, and large obtuse angles, are most accurately 
determined by means of their sines, tangents, and coseca/nts, and 
angles approaching a right angle by their cosines, cotangents, and 
secants, 

5, To Solre a Right-angled Triangle. — ^Let C denote the right 

angle; c the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse c. 
Then 

A = 90° — B; a = c • cos B; 5 = c • sin B. 
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Given, tie 'right angle, another angle B, a side a, 

A = 90° - B; 6 = a-tanB; c = tt ■ eec B. 
Given, the right angle, and the aides a, b, 

tanA = |;tanB = -;c- JIFTW 

Given, the right angle, the hypothenuae c; a Ride a, 

sin A = cos B = - J 5 = -J <? — a?. 

Given, the three sides a, 6, c, which fulfilling the equatioi 
' = a* + 6*, the triangle ia known to he right-angled at C. 







HinA = 


^; sinB =^. 


6. To Ei 


e side, c 


Area Dfn 

and the a 


Plane Trianale ia 

glcs. 






^ = ; 


sin A sin B 




■ BiaC " 


Given, two aidea, 


6, c, and the included angle A 






Area = 


6 c ■ Bin A 
2 


Given, the three sides a, b, 


■ Let?^t|±i 




Area 


= .{.(. 


-a)(s-b){s- 



=)}. 



"V. Sides for t/ie SoliUton of Spherical TriaTigles. — Let A, B, C j 
denote the three angles of a spherical triangle, and o, &, ti the 1 
angles snhtended hy its aides at the centre of the sphere, called fur 
brevity's sake, the sides. 

The iph^rical excesg means, the escess of the sum of the angles 
lA + B + C above two right angles. 

Spherical esceas area of triangle 



1. 



4 right angles surtace of hemisphere 
To compute the approxiTiiate aplierieai excess, in seconds, of a 1 
itriangle on the earth's surface whose area ia given; divide that I 
area by one or other of the following divisors, according as it ia J 
j;iven in squai-e feet, in square nautical miles, or in square metres :— 

Ana ^-na la Dlvlior. Oom. Log< 

Sonarefeet, 2, i if;. 1^00,000 9'3254ioi 



Square nautical miles,., 
Square metres,...,,,..... 



57'29578 
196,530,000 
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3. Given, two angles of a spherical triangle, and the side between 
them ; to find the remaining sides and angle — 

Let A, B be the given angles, and y the given side. Then t9 
find the remaining sides, « and ^ — 

. « + jS . y 
tan —5 — = tan ^ 



tan —Y- = *an 2 



* + ^ + !!_zi. ^ = 





A 


» 


B 


cos 


— . 




—— 






2 


• 




A 


+ 


B' 


cos 




2 






A 


„„ 


B 


sm 




2 


_^ • 


• 


A 


+ 


B' 


sin 


"~^ 


2 




u 


'' + 


^ 


a-/S 



2 2 ' "^ 2 2 

To find the remaining angle, C, we have the proportion — 

sin « : sin i3 : sin y : : sin A : sin B : sin C. 

4. Given, two sides of a spherical triangle and the angle between 
them; to find the remaining side and angle — 
Let «, jS be the given sides ; C, the given angle. 
First Method. — To find the remaining side, y ; 

cos y = cos « • cos /3 + sin « • sin ^3 • cos C; 

but this formula being un suited to calculation by logarithms, the 
following has been deduced from it: — 

Make sin D = cos -^ • A /sin « • sin jS; then 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin i3 : : sin G : sin A : sin B. 

Second Method, — To find the remaining angles, A^ B. 

, A + B 

tan-^— 



sm 



A- B 

tan~^- 



cos 


« — jS 

2 


• cotan 



3 




COS — 


+ /3 
2 




sin 


» — fi 
2 


• cotan 


C 
2 




sm - 


+ /3 





The retnainiBg aide, y, ia found by the proportion stated 

5. The tbrce eidea of a ajilierical triangle being given, to find 
he angles — 
Let C be the angle sought in the first instance. Tlien 



- denote the half si 



V Bin « -Bin /3 ^ V 



B „ is best when ^ approaches a right angle; sin s when ^j is small. 

These fonniiJEe will serve alike to compute any angle. If it is 
lesired to express the angle nought by A or hy B, the following 
liubatitutiona are to be made in the formuhe : — 

For the following aynxhols in the fornmlae for 0,.., « (3 y 

Substitute respectively in the formulte for A,... ^ ■/ c 

— — _ _ for E,... y « (3 

6. In a right-angled spherical triangle, the right angle and any 
ro other parts being given, to find the remaining parta — 
liet C be the right angle, and y the side opposite to it. 

Case I. Two sides being given, the third is found hy the 
nation — ■ 

id the oblique angles by the equations — 

cos A = cotan y ■ tan (3; cos B = cotan y • tan a; 
'by the equations — 

cotan A ~ cotan a ' sin ^; cotan B --= cotan & ■ sin b. 
Case II. Given, a side (s) and the opposite angle (A). Find 
e aide fl by the formula — 

sin = tan ■ ■ cotan Aj 
find 7 and B as iu Case L 
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Case III. Given, a side {») and the adjacent angle (B). Find 
the side y by the formula — 

ootan y = cos A * cotan fi; 
then find » and B as in Case L 

Case IY. Given, two angles. A, B — 

cos A ^cosB .*xT» 

cos « = -; — rr: cos /3 = — — r- j COS y = cotan A • cotan B. 
sm B sin A 

YI. ApproodmcUe Solutiona of Spherical TricmgUsy used in 
Trigonometrical Surveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles. A, B; to find approximately the 
third angle, C. 

Calculate the approximate a/rea of the triangle, as if it were 
plane. From that area calculate the '^spherical excess," X. Then 

C = 180^ + X - A - B. 

2. To find approximately the remaining sides, a, 5, of the same 
triangle. Let « , /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 
say — 



sin ( A - «- ) sin ( B — -^ I 



a = c • ^ __; h = c _i. 

sm(c-.3.) ^^(p-i) 

Pboblem Third. — Given, in a triangle on the earth's sur&ce, 
two sides, a, h, and the included angle, C, to find the remaining 
side, c, and angles, A, B. 

Compute the approximate a/rea as if the triangle were plane; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, &, and the included 

X 

angle C'= C — ^, and find the third side, c, and the remaining 

angles, A', B'. Then for the remaining angles of the real spherical 
triangle, take 



Table 6. — Arcs, Bises, and Tangents, fob every Degree 
FROM 1° TO 89°. 

Explanation. 

1. The table gives arcs and their complements in circular 
neasure, einea iind cosines, tangents and cotangents, for every 
krhole dc^ee, correct to five places of decimals. 

2. Area containing iractioca of a degree may be found either 
y the aid of Table 4, Divisions I and L, or by multiplying the 
ractional part by 0'0174S, and adding the product to the arc 
Wrreaponding to the whole number of degrees. 

3. For finding the sines, &q., of angles containing fractions of a 
l^ree, the following process is correct to the following numbers of 

^^lacea of decimals : — 

For sines and tangents of angles between 0' and 6°, ) t_ g 
For cosines and cotangents of angles between Si" V , 

«ndSO-, ^ .^ jP'™': 

For sines of angles between G" and 90", T 

For cosines of angles between 0° and 84", I To four 

For tangents of angles between 6° and 30°, [ places; 

For cotangents of angles between 60° and 84°, J 

For tangents of angles between 30° and 45°, 1 To threo 

For cotangents of angles between 45" and 60°, J places. 

[ultiply the fraction of a degi-ee by the difference between the 
lines of the quantity to be found for the next lower and next 
gker whole numbers of degrees, and add the product to the vuliia 
r the next lower whole number of degrees. 
EiAMPLE.— Kei^uired the sine of 30° 20' = 30^ J. 

Sine of 30", -50000 

Sine of 31°, . -51504 

Difference, -01504 

W501 

Add Bine of 30°... -50000 

Sin 30'J], correct to four places of decimals, -oOoOl 

4. The sine or cosine of an angle containing a fraction of a degrea 
ay be found correct to five places of decimals, when required, as 

Find a first approximation to the sine or cosine by the 
rule. Then multiplv together the given fraction of a 
__, . 1 difference between tW fraction and ™M.fe^,\Ia«iiaK>issa. 
115, and the approximate ana or cogoilq oiieiBA'j i'i>iji&.-, '^■■ 



the. 
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product will be a correction^ to be added to the approximate sine 
or cosine for a more exact value. 

Example. — Required the sine of 30°J, correct to five places of 
decimals. 

First approximation, as already found, '50501 

Correction to be added, J x | x -00015 x -50501 = -000017 

Sum -505027 
60 that the sine required, to five places of decimals, is -50503. 

Cobbection-Factobs, to Multiply Appboximate Sines and 



FAI .M. A&V/ Jb «^ JUMi^, 


Cosines. 




Minntea. 


Factora. 


HbtDtM. 


5 


1*000011 


55 


10 


I -00002 1 


50 


15 


1*000028 


45 


90 


1 -000033 


40 


45 


1*000036 


35 


30 


1*000037 


30 



p 


..01743 


.-01745 


.OTJ46. 


.57 '28996 


m 

.99985.. 


1-55335 


^1 


H 3 


03491 


03490 


03492 


z8'63625 


99939 


1-53589 


H 




05236 


05234 


05241 


i9'o8ii4 


99S63 


1-51844 




H 4 


06981 


06976 


06993 


i4'3oo67 


99756 


1-50099 


86 H 


H 5 


..08727. 


.08716 


.08749. 


.11-43005. 


.99619-- 


1-48353 


^1 


H 6 


10472 


10453 


10510 


9-51436 


99452 


1-46608 


^H 


■ 7 


12217 


12.87 


12278 


8-T4435 


99255 


1-44863 


^1 


■ 


13963 


'3917 


14054 


7-11540 


99027 


1-43117 


H 


I ^ 


..15708. 


■ 15643- 


..583S. 


6-3i375^ 


.98769- 


1-41373 


■ 


■ ^° 


17453 


17365 


17633 


5'67i28 


98481 


1-39627 


■ 


Bii 


19199 


I9081 


19438 


5-14455 


98163 


1-37881 


H 




20944 


20791 


21256 


470463 


97815 


1-36.36 


78 H 


B'3 


..22689. 


.22495. 


.23087. 


4'33i48. 


-97437- 


1-34391- 


1 


H>4 


24435 


34192 


24933 


4'oio78 


97030 


1-32645 




B;5 


26180 


25882 


26795 


373205 


96593 


130900 


H 


B36 


27925 


27564 


28675 


3-48741 


96126 


1-29155 


H 




. 89671. 


.29237. 


-30573-- 


3-27085. 


-95630.. 


1-27409. 


-73 ■ 


His 


31416 


30902 


32492 


3-07768 


95106 


1-25664 


72 ■ 




33161 


32557 


34433 


2-90421 


94552 


1-23919 


■ 


Bso 


34907 


34202 


36397 


274748 


93969 


1-23173 


70 H 


Bai, 


. 36652. 


.35837- 


.383S6.. 


2'6o509. 


■93358.. 


1 20428. 


H 


B'sa 


38397 


37461 


40403 


2-47509 


92718 


1-18683 


H 




40143 


39073 


42447 


3-35585 


92050 


1-16937 




■ ^4 


41SS8 


40674 


44523 


a'346o4 


91355 


1-15192 


■ 


K'S- 


. 43633- 


.42262. 


.46631.. 


2'i445i- 


.90631.. 


I-I3447- 


^1 


Vj6 


45379 


43837 
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ETTLES FOE THE MENSUBATIOK OP FIGUEEa 



SECTiON L — Plahe Areas. 

1. puBlitiifiBTBBi. Rule A. — Multiply the length of one of th« 
les by the perpendicular distance between tliat side and the 

ipposite side. i 

Rm^ B. — Multiply together the lengths of two adjacent sides 
id the sine of the angle which they make with each other. 

When the paralleiogram ia right-fiDgledj that sine is = 1.) 

2. TrapcsoM (or four-sided figure bounded by & pair of parallel 
a^ght lines, and a pair of straight lines not parullel). Multiply 
le half sum of the two parallel sides hy the perpendicular distaace 
etween them. 

3. Triangle. RuLE A. — Multiply the length of any one of the 
idea by one-half of its perpendicular diatonca from the opposite 
ogle. 

RCLB B. — Multiply one-half of the product of any two of the 
ndea by the sine of the angle between them. 

Rule C. — Multiply together the following four quantities: tho 

f sum of the three sides, aud the three remainders left after 
nbtracting each of the three sides from that half sum ; extract the 
quare root of the quotient; that root will be the area required 

Note. — Any polygon may be measured by dividing it into tri- 
I, measuring those triaagles, and adding their areas together. 

i. PsnlHiIlc VUnrei of the Third Decree.— The parabolic figures 

D which the following rules apply are of the following kind (see 

gs. 1 and 3.) One boundary is a strtdglit line, A X, called tha 

aaeoraxU; two other boundaries are 

nther points iu that line, or straight 

tnea at right angles to it, such as 

\. B and X C, called ordinates; and 

he foatth boundary is a curve, B C, 

if the pa/raholie doss, and of the third 

' gree; that is, a curve whose ordinate 

r perpendicular distance from the base A X) at any point is 
Depressed by what is called an tdgehraieal fintstUm of Uie third 
tmwe of the abscissa (or distance of that ordinate from a fixed 
Umt in the base). An algebraical function of the third degree of 
^BfciiJOiity oomwte of tenna not exceedinn fbnr in aamhWi ^ "tf ' 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

Rule A. — Divide the base, as in &g. 1, into two equal parts 
or intervals; measure the endmosfc ordmates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates and /<mr times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mean breadth of the figure, which, being midtiplied by the 
length of the base, A X, will ^ve the area. 

BuLE B. — Divide the base, as in ^g. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inter- 
mediate ordinates; divide the sum by eigM; the quotient will be 
the mean breadth of the .figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

fi* AwLj Plane Area. — Draw an axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one more 
in number than the intervals. (For example, in ^g, 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at b^, &^, 
&c.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figui-es. 
Fig. 3. Rule A. (^^ Simpson* s First Rvlcy* to be used 

when the number of intervals is even.) — ^Add together 
the two endmost bi*eadths, tvnce every second intermediate breadth, 
and ybwr times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3 ; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Rule A of the preceding Article); for four intervals, 
1, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

Example. — Length, 120 feet, divided into six intervals of 20 
feet each. 
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Sutn, 
Common interval, 


161-41 ■ 
20 feet. ^1 


^M 


^ 3 


)362S-8 ■ 


H 


Area required, 


120S'6 square feet ^| 


r -KniB -B- ("^impsoii's Second iiTMfe," to bo iised when the ^| 
r number of intervalB ia a multiple of 3.)— Add together tte two ^M 
1 endmost breadths, twiee every third intermediate breadth, and ^H 

■ aom by the common interval between the breadths, and by 3; H 

H "Simpson's mnltipliere" in this case are, for three intervala, ^H 

■ l, 3, 3, 1: for six intervals, 1, 3, 3, 2, 3, 3, 1; for nine intervals, H 
T 1,3,3,2,3,3,2,3,3, 1; and BO on. ■ 

1 ExAHPLK— Leflgth, 180 feet, divided into aix intervals of 20 H 
1 feeteach. | 
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)96T6-S ■ 
120D-6 eqimre feet ■ 


figure of the third degree, for which both Simpson's Eules are H 

exact; and the results 5 using them agree together precisely. For ^M 

■ other figures, for which the rules are approximate oiilv«^^* '^"'^ ^| 

1 1 
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nile is in general somewhat more accurate than the second, and is 
therefore to be used unless there is some special reason for pre- 
ferring the second. 

The probable extent of error in applying Simpson's First Rule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub' 
dividing the axis into smaller intervals. 

Rule C. (" MerrifidiTs Trapezoidal EtUe,*^ for calculating sepa- 
rately the areas of the parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the dififerences 
of those differences, or second differences, and write them opposite 
the intervals between the first dilQferences, distinguishing them into 
positive and negative according to the following principles : — 

First Differences. Second IXfferonoeL 

Positive increasing, or ) p^j^j^^ 

Negative diminishing, j 

Negative increasing, or ) Negative 

Positive diminishing, / ^ 

In the column of second diflferences there will now be two blanks 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second dififerences, if these are unequal^ or equal to 
them, if they are equal. 

Divide each second diflferenoe by 12; this gives a correctum, 
which is to be subtracted from the breadth op^Dosite it if the second 
difference is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; mrdtiply the half 
sum of ike corrected breadths by the interval bettoeen them. 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths^ and multiplying the sum by the common 
intervaL 

Example. — ^Lengtbi 120 feet^ divided into six intervals of 20 feet 
each. 
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The second differences enclosed in parcntlicses at the top and 
bottom of the column are tliosa filled in by making tliem form an. 
arithmetical progression with the second difTerences adjoining them. 
The last corrected brejidth in the present example is negative, 
and is therefore Eubtracted instead of added in the ensuing com- 

RpiE D, — ("Common Trapezoidal Bvle" to be need when a 
rough approximation is sufficient.) Add together the halves of the 
endmoat bieadtha, and the whole of the intennediate breadths, and 
multiply the sum by the common interval 

Example. — The same as before. 



Half breadth at one end, 17-28 -r 2 = 
Intermediate breadths. 
Half breadth at the other end, , 



16-40 
U-08 
10-80 



34 



Ji Commou interval. 

Approximate area 120il square feet 

True area as before computed, . , 1309-6 

Error, — 4-8 square feet. 

L Clfcle. — The area of a circle is equal to its circumference 
Btiplied by one-foui-th of its diameter, and therefore to the square 
Be diameter multiplied by oae-fourth of the Tatio ot \k'a ci 



G3 NUMBERS AND FIOURES. 

.ference to the diameter. The ratio of the area of a circle to the 

square of its diameter (which ratio is denoted by the symbol jj 

is iriccymmenswrable; that is, not expressible exactly in figures; but 
it can be found approximately, to any required degree of precision. 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposeSi 
scientific or practical : — 

Approximate Values of - • Errors in Fractions of the 

•7853981634 - + one.300,000,000,000tL 

•785398 + -one-5,000,000th. 

•7854 - + one-400,000th. i 

T— -TT5 - +one-13,000,000th. 

4 X 113 

c-7 - + one-2,500th. 

14 

Tables 4 and 5 contain examples of the results of such calculation& 
The diameter of a circle equal in a/rea to a given eqyua/re is very 
nearly 1 '12838 x the side of the square. The following table gives 
examples of this : — 

Table 4 n. — Multipliers for Convertinq ^ 

It 

Sides of Squares into Diameters of Gircles 

Diameters of into Sides of 

Equal Circles. Equal Squares. 

1 1-12838 0-88623 I 

2 2-25676 177245 2 

3 3-38514 2-65868 3 

4 4-51352 3'5449i 4 

5 5*64190 4'43"3 5 

6 6-77028 5*31736 6 

7 7-89866 6-20359 7 

8 9-02704 7-08981 8 

9 10-15542 7*97604 9 
10 11-28380 8-86227 10 

7. The ai-ea of a circular Sector (O A C B, ^g, 4) is the same 

fraction of the whole circle that the 
angle A O B of the sector is of a whole 
revolution. In other words, multiply 
hdftlhe sqvjare of the radius, or one-eighA 
of the square of the diameter , by the 
p. oT circular measure (to radius unity) of the 

**^* *• angle A O B; the product will be the 

area of the sector. (For circular measures of angles, see Tables 
4 and 6.) 



t: 
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? AEXaA 

. A cikbIbt Segment (A D B C, £g. 4) is equal to the sector 
^A C B less tte triangle A B. Hence, from the circular 
a of the angle A O B subttact its sine; multiply the ra- 
mainderby half the square of the radius; the product will be the 
area, of the segment. 

9. titrcaiai Spandriia. Oasb L — Spandril ACE, houuded by 
the aro A C, the tangent C E, and the external secant A E. From 
the tangent of the angle A subti-act the circular measure of 
that angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Case II.— Spandril A C F, bounded by the arc A C, the tangent 
C I", and the straight line A F perjjendicnlar to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, andhalf the sine of double the angle; multiply the remainder 
by half the square of the radius; the product wiU be the area. 

10. EiMpH. Case L — Given (iu fig. 5), the two axes, A O a, 
B O b. Multiply the lengths of those axes together, and their prtj- 

ductby ;■ (See Article G of this section.) 

Case II, — Given, a pair of conjugate 
diamet«i-s, O o, J) O d (that is, a 
pair of diameters each of whjch is par- 
allel to the tangentfl at the ends of the 
other). From one end of one of thoso 
diameters (as D) let fall D E perpen- ''''''■ "" 

dioular to the other diameter, C c ; multiply C c by twice D E, 

and the product by -; or otherwise — multiply together the given 

conjugate diameters, and their product by the sine of the angla 

between them, and by -, 

11. EUlpUe Beclori and Scgmenn.— In fig. C, let A, OB, b& 

the greater and leaser semi-axes of aa ellipse, 
A C D B a quadrant of that ellipse, D an 
elliptic sector, and C D an elliptic segment. 
About with the radius A describe the 
circular quadrant Aedb; through C and D 
draw C c and D d parallel to O E, cutting the 
circle in c and d. Join O c, Od.cd. Then 
OA 
ato OB 

f sector O c 



the circular J 




r segment c d 
i sector D 
\ or segment D. 




Fig. 7. 
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12. iin>ei>>aiie Sfiior.— In fig 7, let tte straight lines O S, OT, 
be the asympiolea of a hyperbola; A and B two points in tiiat 

Y hyperbola, and O A B a hf/perboUc 
sector, whose area ia required. A. 
characteriBtic property of the hy- 
perhola ia the following: that if 
from any point in it, such as A or 
B, there be drawn gtraight lines 
parallel to the asymptotes, so as 
to enclose a pftrallelogram, such as 
OCAEorODEF, the areas of 
all such parallelograms ehall he 
equal for a. given hyperbola. Let 
the common area of them all for the 
given hyperbola be colled the modulus; then the area of the sector 
A B ia equal to the modulus multiplied by the hyperbolic log- 
arithm of the ratio ^f. = j-^- (Tor hyperbolic logarithms, see 
Tables 3 and 3 A.) The areas A C D B and A E F E are each of 
them equal to the sector A O B. 

13. HnnBUDic Cone (see fig. 8). Case T. Smglt Sa/rrmme 
Cmve, — Let A B be the base and O C the height of a hannonic 

curve, being the 
middle of the haee. 
The ordinate X T, at 
any point, X, in the 
base, is equal to 
C multiplied by the 
cosine of ao angle 
bearing the same proportion to two right-angles that X bean to 

A B. Then the area A C B is equal toABxOCx^ The 

approjcimate value of -, correct to about one- 2,000,OCOth, is '63G62. 

Case II. Double Haarmaide Curve, or Curve of Versed Smet. — 
Let the harmonic curve he continued to D and E aa far below A B 
as ia above that line ; the arcs A D and B E being similar to 
A C and B C, but inverted ; so that the new base D E is twice the 
length of A B, and is a tangent to the curi'e at D and E ; and the 
new height F C ia twice O C. Then the area D C E = D E x 

14. Vivchvid, or BoUinB TruTii-linii (see £g. 9). — Let a circular 

disc, H, roll along a straight line, E F; then a tracing point fixed 
in the rolling disc traces a trochoidj of which A C B is one wave, 
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extending from one of the lowest positiona'of the tracing-point to 

the nest. Let the base of the figure to be measured be the straight 

line, A B, touching the 

trochoid at A and B; 

then the length of that 

hose is equul to the 

drcamfereuce of the 

rolling circle, H; and * " "" 

Hie estremo breadth of ^'e- ^■ 

tite figure, D, ia twice the traciTig radius, c 
tntcing-point from the centre of the rolUng circle. 

To find the area, A C B; multiply the base, A B, by the tracing 
radius, ^ C D, and to the product add the area of the circle 
described on C D as a diameter. 

r Chain-curve. — Bee Section. IV., further on. 



; distance of the 



SBtrnoif II. — Cyliitorical, Cokical, and Sphebical Abeas. 

1. Criiiider.^The curved surface of a cylinder ia measured by 
multiplyiog its circumference by its length. 

2. Cone— The curved surface of a right cone is greater than 
the area of its circular base, in the same proportiun in which the 
alantiug aide of the cone is longer than the radius of its base. 

3. »pi«qre.~The surface of a sphere ia eqvtal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the apher 
Biultiphed by its cii-cumference, or to four timra the area of a great 
'ircle of the sphere. 

4. Bpfaeriual Zitne* and ScgiHciiiB.— The area of a zone or belt, 
igment of a sphere, ia equal to that of a zone of equal 
1 the curved surface of the circumsciihed cylinder, la 

ler words, multiply the height of the zone or segment by the 
se of a great circle of the sphere. 
' Thus, ia fig. 10, B A C is a hemisphere; B D E C, a 
■cribed cylinder ; O A, the axis of 
that cylinder; F K, a plane per- 
pendicular to that axis, catting 
it in H, and cutting the sphere 

L the small circle I J. Then 
FA. Jia a segment of the sphere; 
vd its area is equal to that of 
Be cylindrical belt F D E K, or 

p the drcumferenee of the sphere 

f AH; and BUG ia a zone 

r belt of the sphere, whose area 

I equal to that of the cylindrical belt B E K 0, or to the c 

' " e of the sphere x H 0. 




Fig. 10. 



5. Spherical TrisDgie.—As a complete revolution (or four right- 
angles) 

: is to the spherical excess {aee Trigonometrical Rules, 
Division V.), 
: ; BO is the surface of the hemisphere 
; to the area of the triangle. 

Section IIT. — Tolches, 

1. Anr Prtani «r (blinder wilh Plane Parallel Knda. 'RutE A. — 

Measure the sectional area of the prism or cylinder npon a plane 
perpendicular to its axis; multiply that area by the length; the 
product will be the volume, 

Edle B. — Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

3. Kectangalat PrUm, wilb Plnne Ends not Parnllel^-Heaanre 

the sectional area on a plane perpendicular to the axis ; multiply it 
hy the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Trlsngnlnr Priam, nlib Plane Enda BOI Pamllcl.— Measure 

the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edgea 

i. ReclBiiKBlar Prtam nllh Cnred Kiida (" Woollei/g Klds"). — Add 

together the lengths along the middles of the four faces of the 
prism, and twice the length along the axis, and divide the sum by 
»ijs, for the mean length; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved aurfacea, 
of a degree not exceeding the thu-d, and approximate for other 
curved surfaces. 

5. Any Hoiid. Method I. By Layers. — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid npon a series 
of planes crossing the asis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or 0, of 
Section I., Article 5; and the reauit of the calculation will be the 
volume required. If Rule C is used, the volume will be obtained 
in separate layers. 

This method is exact wlicn the sectional area is an algebraical 
function of the distance along tlie axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For otiier figures the method is approximate 
only. 




OP TOK 

Method II. By Prisms or Columns (" Wodley's Rule"). — Assume I 

plane in a conyenient position as n base, divide it into a setwork I 
of equal rectangular divisions, and conceive the Eolid to be buUt of J 
a set of rectangular prismatic columns, having these rectangular 
divisions for their sectional areas. Measure (Jie thickness of the I 
Bolid at the centre and at the middle of each of Hie »idea of each of 1 
those rectangular columns; calculate the volume of each column. / 
by the role of Section III., Article 4, and take the sum of those \ 
volumes. 

Or otherwise, to calculate the volume of the solid at oni 
operation — add together the doubles of all the thickneasea before- 
mentioned, which are in the interior of the solid, and the simple 
thicknessea which are at its boundaries j divide the sum by nx, ami 
multiply by the area of one rectangiilar division of the base. 

6. Cttne sr Pyramid.— Multiply the area of the base by one-third 
the height, measiired perpendicularly to the plane of the 

Sphere nud KlUpHld. BuLE A — Multiply the area < 

diametral section (found by Section I., Article 6, for a circle, or by J 

Section I., Article 10, for an ellipse) by two-thirds of the height I 

jneaanred perpendicularly to the plane of that section. I 

KULE B.-~Multiply together the three axes of an ellipsoid (or I 

toke the cube of the diameter of a sphere); theii multiply by tha j 

iactor g. 

Approxlmato TaJoeB of -■ Error?, aboat 

0'fia35987766 - -i- one- 300,000,000,000 th. 

0'fi23599- + one-2,300,000th. 

0'5236- + one-400,000th. 

g^y^g - +one-13,000,000th. 

377 



n~ 



,.^-one-iO,OOOth. 
...+one-2,50Dth. 



1 plane I 



FniitHn — Prlimald — Spherical and Ellipiaidal 

Kan<s- — The following rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a 
jarallel to the base {fig. 11); 
^^^ A prismoid, or solid bounded by two parallel quadrangular ends 
E r L K, C D I H, fig. 12) and four plane faces, pai-aUel or not 
(C F L H, H L K I, IKED, D E P C); 

A Begmeat cut off by one plane, or a zone cut out by a pair of J 
Baiallel planes, from a sphere or an ellipsoid (fig. ISy, 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical, spherical, or ellipsoidal sui^ace, or 
by any number of planes. 




Fig. 11. 



,•••••••« 



Fig. 12. 

To the areas of the ends add four times the area of a cross 
section made by a plane midway between and parallel to the 

ends; divide the sum by six for the mecm 
section, which multiply by the length A X 
measured perpendicular to the planes of the 
ends. 

9. Spherical Cone (0 I A J, ^g. 10). — 

Find by Section II., Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 




Fig. 13. 



Section IV. — Lengths op Cueves. 



The measurement of the lengths of curves is called rectification, 
1. Any Carre. EuLE A By Chords, — Let A B (fig. 14) be 
the curved line whose length is to be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (such 
as 1, 2, 3), measure the seriesof 
straight chords (such as A 1, 1 2, 
2 3, 3B), which span those in- 
tervals, and take, the sum of 
their lengths; measure also the 
straight chords (such as A 2, 2 B) 
which span the intervals by pairs, 




Fig. 14. 



and take the sum of their lengths; to the first sum add one-third 




the differenoe between it and the Becond Bum ; the result 
the approximate length of the curve. 

EuLB B. By Ciiords and Tangents. — Divide the curve into 
any number of intervals, equal or unequal, by pointa (such a^ 3 in 
fig. 14). At the ends and pointa of diviaion draw straight tangents 
(such aa A T^, T^ Tg, T, B), stopping at their first intersections with 
each other. Measure the total length of those tangents, and also 
the total length of the straight chorda (such as A 3, 2 B). To the 
total length of the tangente add lioice the total length of the chords, 
and divide the sum by 3j the quotient wiU be the approximate 
length reqnired. 

Rule 0. Bi/ Tangents. — Let A B (fig. 15) be the curved line 
to be meaaured. Through its two ends, A and B, draw a jiair of 
parallel lines in any convenient direction (but the more nearly that 
direction is perpendicular to 
A straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
lines into aji even number of 
eqiud intervals, by means of 
intermediate parallel linea, 
catting the curve in inter- 
mediate points, such as 1, 
S, 3. At each of these in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 
lines to the other (as A Tq, 
t Ty (j T„ ^3 Tj, t^ B). 
Multiply the lengths of 
those tangents in their order 
by "Simpson's Multipliera" 

(u in Section I., Article 6, Rule A) ; add togethi 
ftnd divide their aum by the aum of the multiplie 
will be the approximate length required. 

Rekase. — The errors of the three preceding rules vary nearly as 
the fourth power of the cmgtilar interval, or angle made by the 
tBBgents at the two ends of an interval j hence the lengtiia of the 
•intervals should be made least where the curvature is most rapid, so 
fliat the angular iotervala may be nearly equal. The following are 
'■iho proportionate errors in applying the rules to ciiTiikr arcs 
'with angular intervals of 30°; + meaning too great, and — too 
small ;^ 
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Bule A, Error about — one-6,500tli. 

B, „ + one-4,000th, 

C, + oiie-250tih. 



» 
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With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

Rule D. For Arcs of Small Curvaiure, — In fig. 16, let A B be 

the arc to be measured. Draw the straight 
chord B A j produce it to C, making A C 
= 4 B Aj about C, with the radii^ C B 
= f B A, diaw a circle ; then draw the 
p. ,^ straight line A D, touching the arc A B 

^' ' in A, and meeting the last mentioned 

circle in D; AD will be nearly equal to the arc A B. 

For a circular arc of 30° the error of this rule is about + one- 
14,400th; and it varies nearly as the fourth power of the angular 
interval. 

Bule E. From a given Point, to set off a given Length along a 

Curved Line. — In fig. 16a, let A D be part of 
the given curve ; A the given point, and A B a 
straight line of the given length, drawn so as to 
touch the curve at A. In A B take A C = J 
A B ; and about C, with the radius C B = f A B, 
draw a circular arc B D, meeting the given curve 
in D. The arc A D will be very nearly equal to A B. 

Bulb F, To reduce a ^^ Rolled Curve^' to an equal Circular 

Arc, — Let D E be a base 
line of any figure, upoa 
which a disc of any figure 
rolls; a point, B, in that 
disc traces a "rolled 
curve,*' F B H. The 
rolling radius at any 
instant is the distance, 
B A, from the tracing- 
^^e- ^'- point, B, to the point of 

contact, A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
the given curve by rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions. Multiply 
the series of rolling radii by the multipliers in Simpson's first rale 



Fig. 16a. 




LENGTHS or CITRVED UJTES. 

(Section I., Article 5, Eule A); add together the products; divide I 
their sum by the sum of the multiplieraj the qiiotient will be the! 
roUinff radms. Then with the mean rolling radiua desoriba I 
a circular arc snhtending an angle ecmal to tho total angle ttrougU j 
which the disc tuma in rolKng; that arc will be nearly equal ii 
length to the given rolled curve. 

fiiBtancea of the application of this to particular cases will be 
given in Article 3 of this Section, Rule C, and in Articles 4 and 5. 

3, circle. — The ineommenaurable ratio of the circnmference of a 
circle to its diameter is denoted by ic. The following are approxi- 
mations to its value, of varioUH degrees of accuracy : — 

3-lil592G536- + one-3 00, 000,0 00, 000 th. 

3-U15D3- +one-9,000,000th. 

3-U16- + one-400,000th. 



355 
113 



B- 13,000,000th. 



36Q 
1U6"^ 



io-2,500th. 



for the approsdniate Tslue of x to 250 jilaoes of decimals, se 
Bierena de Haan on Definite Integrals. 

For particular results, aoe Table 5. 

3. A circular Are may be meaaured by any of the preceding 
general j-ules, especially Rule D, page 7C; also by the following 
special rules ; — 

Rdlb a. By Caleidaiion. — Mnltiply 3 "■ hy the ratio which the 
arc bears to a whole circle; the product will he the ratio which the 
arc beam to its radius. 

_ Rule B, By Construction. — In fig. 18, let C be the centre of the ■] 
circle, and A B the ai-c to be measured. 
Biaect the arc A B in D, and the ai* A D 
in E. Draw the straight tangent A F, and 
the straight secant E F, cutting each other 
in F. Draw the straight line F B. Then 
A F + F B will be appraximately eq\ml in 
length to the arc A B, 

The error of this rule for a ciix;ular arc 
equal in length to its radius is about 
+ one-4,000th part of the length of the arc; 




F!S, 18. 



p 



msm 



1 



Fig. 13. 



and it varies nearly as the fourth power o£ the angle suLtended 
the arc. 

Btjlk C. From a given PoItU on a given Circle lo lay off an 

approadmatel^ eguaX in length to a given Straight Line. — In fig. 19, 

let A be the given point, and A D part of the 

given circle. At A draw the ettaight tangent 

A B of the given length. In A E take A C 

= 1 A B; and about C, with the radins C B = | 

A B, draw the circnlar arc E D, cutting the 

given circle in D. Then the arc A D will ba 

nearly equal in length to A £. 

The error of this rule for an arc equal in length to its ladiuB is 

about + one-l,000th part of the length of the arc; and it varies 

nearly as the fonrtli power of the angle subtended by the ara 

Hole D. To Construct a Circular Ara nearly equal in length to a 
given Straight Line, and euhtending a given Angle — In fig. 19, let 
A B be the given straight line. In A B, take A C ^ } A E; and 
about C, with the radius C B = i A B, draw a circle B D. From 
A draw the straight line A D, making the angle B A D ^3 one- 
half of the given angle, and cutting the circle B D in D. A and 
D will be the two ends of the required arc. Then, by the usual 
method, draw the circular arc AD so as to touch A £ in A, and 
pass through the point D; this will be the are required. The error 
of this rule is the same with that of the preceding rule. 
4. Elliptic Arc— To construct a circular arc approximately equal 
... to a given arc, C D, fig. 20, not 

exceeding a qnadrant of an 
ellipse whose semi-axes A 
and O B are given. 

In fig. 31 di'aw a straight 
line, in which take E F = O B 
and F G = A. Bisect it in 
H; and about that point, with 
the radius H F = H K = 
A - O E , ., . , 
= , descnbe a <urole. 

Mark the points c and d v^m 
that circle, by laying off Eo >^l 
CandErf= OD. ■ 

Then divide the arc er^ial^l 
an even number of equal intervals, as the case may be, andmearaw 
the distances from the ends of the arc and the points of division 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the mdina 
E G, the tracing-point being at the distance H F from the centre 
of the rolling cMej multiply those rolling radii in their order by 




Fig. 20. 



"Bp curved lines. 



Simpson'a moltipbers (Set-tion I, Article 5, Eule A), divide the I 
Sam of the pioducta hy the Bum of the multipliers j the qootliintl J 
■will bo Ute radios of the required mreuiar are. 





F[g. El. 

Tlien in fig. 20 describe a circle about O with the radius O A; 
through C and D draw straight Unea parallel to B, cutting that 
circle in V and A ; join F, O A ; and about the centre, O, with 
ithe mean rolling radiua already found, describe the circular arc 
M N, bounded by the straight lines O F, A; thia will be tke 
'required circular arc approximaldy equal to Clie elliptic a/rc C D. | 

The circular arc may then be measured by the rules of Article 3 I 
of this Section. 

The following are examples of the errors of thia rule, when , 
;pplied to an entire elliptic quadrant divided into two intervala i 
ally. For greater numbers of intervala, the errors vary inversely 
■a ihe fourth power of the number of intervala, or nearly so : — 



U>j( 



Senil-ijiB 6suii.njili! Bccentrioity. ^^S^ll^ 



^5 






7071 


1-3506 


1-3538 


■003 a 


■6000 


1-4184 


I -41 95 


■oon 


5000 


i-46?S 


1-4681 


■0006 



I '8660 

CamBtBD Paisinia. — In fig. 16 (page 76) let A be the vertex 
of a common parabola, and A B an arc to bo measured, commenc- 
ing at the vertex. 

For ft rough approximation, use Eule D of Article 1 of thia Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fall the per. 
pendiculac B C, and measure the lengths of those lines. Call A " 
'lie bate, and B C the lieigM. 

To the square of the height add one-fourth of the 
I»se, and extract the square root of the sum. Call this the sloping 
tangent. 

Divide the square of the base by four times the height. Call thia 
ihe focal distance- 



dee- 
per. H 

the H 

this^l 
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To the sloping tangent add the height ; divide the sum by half 
the base; take the hyperbolic logaritlmi of the quotient. MiUtiply 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum will be the 
required arc.* 

6. Catenary.— In fig. 22 the horizontal straight line through O is 

the directrix of the catenary; the 
vertical line O A is its parameter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X £ a ver- 
tical ordi/nate from the directrix to 
the point B; O X the correspond- 
Fig. 22. ^S <^<^^} o^ horizontal distance 

from O. 
KuLE A — Given, O A and X B; to find the arc A B. 
By construction: — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc A B. (T B is a tangent to the curve at B.) 
By calculation :— A B = J {X.W - O A?). 
Rule B. — The a/rea OABX= 0AxarcAB = 2 x triangle 
XTB. 
Rule C— Given, O A and O X, to find X B and A B. 
Divide O X by O A; find the hyperbolic antilogarithm of the 
quotient (see Table 3), and the reciprocal of that antilogarithnL 

For the ordinate A B, multiply O A by the half-sum of the 
antilogarithm and its reciprocal. 

For the arc A B, multiply O A by the half-difference of the 
same quantities, t 

Addendum to Section I. 

A Piatometer or Pianimeter is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦ In symbols, let A C = a, C B = y, and the arc AB = «. Then 



a 



= \/\v* + t) + 47 • I'yp- 1°8- 



X 

2 



t In symbols, let A = m; X = a;; X B = y; arc A B = a; then 



area 



a; = m • hyp. log. ^ . 
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' laoimdarf of the figure to be measured ; and vhen that point has 
returned to the spot from which it started, the area enclosed by 
(he boundaiy is indi(^ated on one or more graduated circles. The j 
rimpldHt inutniineiit of this kind is Amstler's. 

Addendum to Section IV. 

I of Gnrrea br nn Initrnncnl.— An instruraent for 

rectilying curves oa paper consists of a email wheel, milled, and 
BOmetimes spiked on the rira, and turning upon a fixed spindle . 
which has a fine screw thread cut upon it. At one end of theJ 
Spindle is a shoulder, to limit the motion of the wheel in thatfl 
direction. M 

The wheel being made to bear against the shoulder, is placeill 
vith its rim resting on the commencement of the curve to be recti- 1 
ified. It is then made to run along the curve in such a diivctioan 
'Ihat, in revolving, it screws itself away from the shoulder. Havinjf T 
arrived at the farther end of the curve, it is lifted, and set down 
Kb a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
bock towards the shoulder. When it has returned to the shoulder 
from which it started, its point of contact with the straight line is J 
inarked; and thus is obtained a stiuight line e<^ual in length to 

Section T. — Centres of Magnitdde. 

By the magnilvde of a figure is to be understood its length, a 
or volume, according as it is a line, a surface, or a solid. 

The Centre of MagniXuds of a figure is a point such that, if the J 

jnre be divided in any way into equal parts, the distance of the'J 

-centre of magnitude of the whole figure from any given plane i» 1 

the mean of the distances of the centres of magnitude of tlie several | 

equal parts from that plane.* 

1. KrnmeiTicB] Fisim.— If a plane divides a figure into two sym< 1 
jnetrica! halves, the centre of magnitiide of the figui-e is in that j 

£' ce ; if the figure is symmetrically divided in the like manner 1 
two planes, the centi'e of magaitude is in the line where thess 1 
nes cut each other; if the figure is symmetrically divided by J 
Fee planes, the centre of magnitude is their point of intersection; f 
id if a figure has a cenfj'e of figure (for example, a circle, a sphere, 

* The centre of magnitncle of an uniformly heavy body ia tlie same with 
|ti cenfrs ofgrnvity; of whith point montiou will again bo made further on. 

^s getnntlrieal mainent of ooy tigurii relatively to u given plane is the 
jVoduot of its maj^ituiie Into tlio jiGrpentlicular diiitonce of its centra from. 
ihat plane. | 
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an ellipse, an ellipsoid, a parallelogram, &c.), that point is its centre 
of magnitude. 

2. Compound Figaro. — To find the perpendicular distance from a 
given plane of the centre of a compound figure made up of parte 
whose centres are known. Multiply the magnitude of each part 
by the perpendicular distance of its centre from the given plane ; 
distinguish the products (or mojnenta) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sums, and 
call it positive or negative according as the positive or negative 
sum is the greater; this is the resultant moment of the compound 
figure relatively to the given plane ; and its being positive or nega- 
tive shows at which side of the plane the required centre lies. 
Divide the resultant moment by the magnitude of the compound 
figure ; the quotient will be the distance required. 

The centre of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3. €oiiipoand Figaro of Two Parts. — Let a compound figure, as 

in ^g, 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measure the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude ; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other part; 
and C will lie in the straight line 
AB. 
^'g- 23. pn symbols, let A and B denote 

the magnitudes of the parts, and A + B that of the whole figure; 

then 




BAB ^^ A-ABH 

aT3^^^"X?b"J 



AC = :^-^;BC:= 



4. €oaipoan«l Figaro formed hj Subtraction. — From the larger 

figure in Gg, 24, whose known centre is A, let a part whose known 
centre is B be taken- away. Draw and measure the straight line 
B A. The centre, C, of the remaining figure will lie in B A, pro- 
duced beyond A, To find the distance A C, multiply B A by the 
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magnitTide of the part taken away^ anil divide by the magnitmie of | 
' e remaioing figure. 

[In symbols, let A be the magnitiide of the origiDal figure, 1 
E that of the part taken away, and A - E that of the remaining J 
figure. Thea 



C A = 



■E A-1 
L-B J 



FIgBFe ChnnsEd br BhtAlBB n Fan.— In fig. 25 let C be the! 

original putiitiou of the centre of a figure j let the fignre be changetll 




Fig. 24. 



in shape, but not in mag^iitude (from the dotted outline to the 1 
plain outline), by shifting part of it; and let A be the original ] 
position, and B the new position of the centre of the part shifted. 
Draw and measure the straight line A E. Through C dmw C D \ 
parallel to and pointing in the same direction with A B; and ' 

p _ A B X magnitude of part shifted 
magnitude of whole Hgure ' 



ff position of the centre of the figure. 

Kma. — To find, appTOximately, the centre of any I 



i 



J) win be the ne 

G. Any Plane 

KuLE A.' — Let the plane area be that represented in fig. 3 (of ] 
Section I., Article 5, preceding). Draw an axis, A X, in a con- 
venient poBition, divide it into equal intervals, measure breadths afc | 
the ends and at tlie points of division, and calculate the area, as 'I 
in SeotioQ I., Article 5, I 

Then multiply each breadth by its distance from one end of ths ] 
ftxis (as A); consider the products as if they were the breadths of I 
a new figure, and proceed by the rules of Section I., Article 5, to S 
calculate the area of that new figure. Tho result of the operation; J 
will be the mQment of the original figure relatively to a plai 
pendicidar to A X at the point A. 
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Divide the mojneni by tte area of the original figure; theqnotu 
■will be the distance of the centre required from the plar " 

diciilar to A X at A. 

Draw a secoDd axis intersecting A X (the moat convenient 
position being in general perpendicular to A X), and by a similar 
procesa find the diatance of the centre from a plane perpendicular 
to the second asis at one of its ends; the centre will then be 
completely determined. 

Rule B. — If convenient, the distance of the required centre 
from a plane cutting an asia at one of the intermediate points of 
division, instead of at one of ita ends, may be computed as follows ; — 
Take separately the momenta of the two parts into which that 
plane divides the figure; the i-equired centre will lie in the part 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the resultant momenl of the 
whole figure, which being divided by the whole area, the quotient 
will be the diatance of the required centre from the plane of 
division. 

££i£AttK. — When the resultant moment is — 0, the centre is in 
the plane of division. 

Rule C. — To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
niiddte point of that breadth fi'om the axis, and by the proper 
"Simpson's Multiplier" (Section I., Article 5); distingnish the 
products into right-handed and left-handed, according as the middle 
pointa of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that aide 
of the axis for which the sum is the greater; subtract the less snm 
from the greater, and multiply the remainder by ^ of the ci 
interval if Simpson's first rule is used, or by f of the 
interval if Simpson's second rule is used; the product will be 
the resiUlanC moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that asis.* 

7. Anr Soiiii. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Rule A of the preceding 
Article to find the moment relatively to the plane, suhstituting 

* The mleaof this Artioln are expressed in symbols as foUowB: — Let xanA 
y be the perpendictdar diatanccB of any point in the plane area, from two 
plaoeB peipcmilicular to the area and t^ each otber, and ito snil i/u the per- 
pendiciDaT diBtancei of tbe centre uf magnitnde of the area from the same 
planes; then 

(A) .„ = //-A^y., (E) ,, = /Mi^. 

J/d^dj, J/dxdy 
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'sectional areas for brmdtlin; then divide the moment by the Tolumo^ 
.{aa found by Sectioa IIL, Article 5); the quotient will be th&l 
teqaired distance. W 

To determine the centre completely, find its diatanoes from tlireal 
planea, no two of which are paralieL In general it is best that \ 
those planes should be perpendicular to each other. 

8. Amy Carred I,lne. RoLE A. To find approsdiTUtlehj Ute I 
Centre of Magnitude of a very 

.Flai Curved Line. — In fig. 26 let ^ — Te~---^^ 

A D E be the arc. Draw the ^ ^^ T ^'"^ - 
chord A B, which bisect in 0; 1%;; ^ 

draw C D (the deflection) perpen- ^'^- ^"■ 

dicular to A B; maie D E = ^ C D; E will be the centre, 
nearly. 



Fig. 27. 



of a cycloid, with the chord A E parallel to the base- I 
line, this rale is exact. For a flat cii-cu!ar arc subtending a degrees, I 
D E is too small by the fraction ■nrT^rcr of i's length, nearly. 

EtTLB B. — When, the Curved Line is iiot very flat, divide it into I 
Teiy flat arcs; find their several centres of magnitude by Rule A, I 
Bnd measure their lengths by one of the ,i-ulea of Section IV,, I 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the rales of Article 2 of this Section. 

9, Special Fignrei. I, T&IAKGL& {fig, 27), — From any two of ] 
'&e angles draw straight lines to the middle 
points of the opposite sides j the-so lines will 
«iit each other in the centre required; — or 
otherwise, — from any one of the angles draw 
a straight line to the middle of the opposite 
nde, and cut off one-third pait from that line, 
commencing at the side. 

IL QuADHiLATEaAL (fig. 28).— Draw the two diagonals A C a- 
E D, cutting each other in E If the 

Mnadrilateral is a parallelogram, E will 
ivide eaqh diagonal into two equal parts, 
;ftnd will itself be the centre. If not, one 
both of the diagonals will be divided 
a unequal parts by the point E. Let 
X D be a diagonal that is uneqnally 
riiivided. From D lay off D F in that 
jdiagooal = B E. Then the centre of 
■file triangle F A 0, found as in the 
^preceding rule, will be the centre required. 

, III. PtAHE PoLTQOtf. — Divide it into triangles; find their | 
centres, and measure their areas; then treat the polygon as a co 
..poond figure made up of the triangles, by the i-ulca of Article 3 
this Section. 
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lY. Prism, or Cylinder with Plane Parallel Ends. — Find 

the centres of the ends ; a straight line joining them will be the 

axis of the prism or cylinder, and the middle point of that line will 

be the centre required. 

V. Tetrahedron, or Triangular Pyramid {Gg, 29). — Bisect 

any two opposite edges, as A D and 
B C, in E and F; join E F, and 
bisect it in G; this point will be the 
centre required. 

VI. Any Pyramid or Cone 
with a Plane Base. — Find the 
centre of the base, from which draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
cona From the axis ciat off one- 
^'^S' 29. fourth of its length, beginning at 

the base; this will give the centre required. 

VII. Any Polyhedron or Plane-paced Solid. — ^Divide it 
into pyramids; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

VIII. Truncated Pyramid or Cone. — Find the respective 
volumes and centres of magnitude of the entire pymmid or cone, 
and of the part cut off; then find the centre of the remaining part 
by the rule of Article i of this Section. 

IX. Circular Arc. — In fig. 30 let A B be the arc, and C the 

centre of the circle of which it is part. 

Bisect the arc in D, and join C D and A B. 

Multiply the radius C D by the chord A B, 

and divide by the length of the arc A D B; 

lay off the quotient C E upon C D; E 

will be the centre of magnitude of the 

arc. 

X. Circular Sector, C A D B, fig. 30. — 

Find C E as in the preceding rule, and 
make C F = | C E; F will be the centre required. 

XL Sector OF A Plane Circular Ring. — In fig. 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc D E, found by Kule IX. of this Article, will be the centre 
required. 

XII. Circular Segment, A D B, ^g, 30. — Find the respective 
centres of magnitude of the sector C A D B, and the triangle 




Fig. 30. 



A B, which, Leing taken from the Bector, leaves the segmentj I 
then, by the rule of Article 2 of this Section, find the centre o" 
roaguitude of the segment. 





F(g. 31. Fig. 32. 

Xni. PvuiABOLiC Half-Segmknt. — In fig 32 A E represents 
:* half-segment of a parabola ; A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter— that 
lUel to a tangent at 0. Make D = | A, and draw 
I> C parallel to A B and = f A B; will be the centre of 

3e of the half-segment. 

10. CenlrcB Fonnd by Pnmllcl ProjccUan.— Bj a parallel pro- 

(ion of a plane figure, or of a solid, is meant a figure resembling 
file original figure, but transformed by having its dimensions ia 
le or more directions altered in given proportions, or by distortion j 
ibject to the limitation— (Aaf to every set of parallel atraigkl Hnea, 
Ing given proportions to each other in lite original jigiare, thera 
' corregpond a tet of parallel atraight lines in the new figure, 
Ing t!te same proportions to each other. For example, — all 
igles are pai-allel prnjeotious of each other; so are all triangular 
.mids; so are all circles and ellipses ; so are all spheres, Rpheroida, 
id ellipBoiJs; so are all circular and elliptic cylinders; so are 
I cones. 

KULE. — The centre of magnitude of a plane or solid fiijure. which 
derived by parallel projection from anot/ier fgure, is tlie paralld 
of the centre of magnitude of the origiiiol figure. 
L — It ia to be observed that tliis rule applies neither to 
lea nor to cui-ved surfaces, but only to plane areas and 
>Bolida 

Etample— £?/y.ii"c Sector, O C D', fig. 33. Lot be the centre 
f the whole ellipse; A A its greater, and B' B' its lesser axis. 
ibout 0, with the radius A, describe a circle, A B A B. This 
'ill be a parallel projection of the ellipse.* Tlirough C and D* 
Iraw E C C and F D' D jiarallel to B, cutting the circle in 

' Because every ordinate of the ellipae, sncli na X T', purallKl to O B", 
kT* a constant proportion to tbe correapanding ordinitte X Y of tlie circtu- 
., that of O B* ; B, 



I 
I 



AND FIOURKt 

C and D; join C, D; the circular sector C D will be a 
parallel projection of the given elliptic sector. Find, by Rule X. 

of Article 9, the centre of magni- 
" tude, G, of thecircnlarBectorj and 

through it draw O H parallel to 

BO. Then 

OE:OB'::Ha:HG'; 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. Tslnmo SirepI br n IHaTiag 

PUuie. — Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
lot the plane figure at every in- 
p,g_ 33, Btant be perpendicular to the 

direction of that path ; the volume 
of the space swept through by the plane figure ia the product of the 
area of tha,t figure into the length of the path of ita centre. 

If any part of the plane figure moves hackwan-ds, the volnme 
Bwept by tliat part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept by 
the whole figure. 

Addendum. 
Tabij: 7. — Regdlak Poltgoks. 




Triangle, or Trigon, . 
Square, or Tetragun, 

PentiigoD 

Hexagon 

Heptagon, 

Octagon, 

Eoneagon, 

DEcacDn, 

Henaeca^n,."--' 

Dodecagon, 

DaCHtrigQQ, 

Decatetragon, 

itecapeotagon 

DecaixagOD, 

looBagoD, 

Icositatragoii, 






O-4330 

17205 
25981 
3-6339 
4-8284 
6-i8iS 
7-6941 
9-3656 

13-1858 
15-3345 
17-6424 
zo-1094 
31-5688 
45-5745 I 6-16105 



30371 
3-0505 
3-0615 



REGUIAK 



Tie semi-diameter i 
to an angle. 

To find the Side of, 
31 let A B be the 
decagon. Diuw E C perpendicular to A B, 
and = i A B ; join A C, from whicli cut 
off C D = C B; AD will be the side 
required. 

To find, very nearly, the Side of a Regular 
Heptagon by Con8tructioTi.—ln. fig. 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into 200 equal parta, and tate the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join C D; this 
will be Teiy nearly the side required, the error 
being practically inappreciable. 



from the centre of the polygon 1 



Table of Khdmes (see next page). 



Polnla. Aiigl< 

33. N., 360° 

31. N.6.W., 348 

30. N.N.W., 337 

29. N.W.6.K., 326 

28. N.W., 315 

27. KW.6.W., 303 

26. W.N.W., 292 

25. W.6.N., 281 

24. W., 370 

23. "W-ft-S., 258 

22. W.^W. 247 

21. aW.&.W., 236 



19. 8.W.6.8., 213 

18. aS.W., 202 

17. S.6.W., 191 

16. a, 180 



lEMtotNnrth. Piilnta. 

0= 00', 0. N. 

11 15, 1. N.i.E. 

23 SO, 2. KN.K 

33 45, 3. KE.6.N. 

45 00, 4. N.E. 

56 15 5. N.E6.K 

67 30, 6. E.N".R 

78 45, 7. Ei.N. 

90 00, 8. E. 

101 15, 9. E.&.3. 

112 30, 10. K8.E. 

123 45, 11. S.EAE. 

135 00, 12. S.E 

146 15, 13. aE6.a 

157 30, 14. S.S.E. 

168 45, 15. 8,6.K 

180 00, 16. S. 



Quarter- point, =2° 48' 45" 

Half-point, =5 37 30 

Iltree qnarter-poiiits, = 8 26 IS 
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MEASUEES. 

Section I. — Measures of Angles. 

1. The Sexagesimal System of angular measurement is as follows : — 
1 revolution = 4 right angles = 360 degrees; 1 degree = 60 
minutes; 1 minute = 60 seconds. Seconds are usually subdi- 
vided into decimal fractions. As to circular measure, see Table 4 
in the preceding part of this work. 

2. The Naniicai or Binaiy system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points, each divided into halves 
and quarters; 1 point = 11:J: degrees (see preceding page). 

3. The Centesimal System of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute =100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
century, but is now little used. 

Section IT. — Measures op Time. 

1. Sidereal Day.— The standard unit of time is the Sidereal Dat, 
being the period in which the eai*th turns once round on. its axis. 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers only. 

2. mEean Solar Time.— A SECOND is the time of one swing of a 
pendulum adjusted so as to make 86,164*09 swings in a sidereal 
day. Seconds are usually subdivided decimally. 

One MINUTE = 60 seconds. 
One HOUR = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAY = 24 hours = 1,440 minutes = 86,400 
seconds = 1*00273791 sidereal day. 

3. Years.— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 365*24224 mean solar dayEf, 
nearly. 

One COMMON year = 365 days. 
One LEAP YEAR « 366 days. 



UEABDBEB OF TIUB. 



Knmber of year iu the Chriatian Era— 

Not divisible by i witbout remainder, 365 

Divisibleby i, butnotby 100, 366 

Diviaibleby 100, but not by 400, 365 

Divisible by 400 [but not by 4,000],* 366 

[Divisible by 4,000, 365] • 

4. Dam, CItII nnd AstrvDOm leal.— The civil day is beld (in 
Western Europe and in America) to commence at midnight. The 
astronomical day commenoea at noon of the civii day having the I 
same designation; that is, twelve hours later than the civil day. ' 
The civil year is held to commence at midnight of the 31st of ] 
December of the year preceding; the astronomical year commences ' 
at noon of the lat of Januaiy of the civil year. 

5. BelBlian between TImo and IioOBllnde. — At any given instant 

the mean solar time at two stations differs liy an amount proportional 

to their difference of longitude, the time at the eastern station 

W Iraiag the later. 

Con RESPONDING DirFERENCKS. 



75" 5 iioi 
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. To show the exact date of any event, the meridian at which the , 
Ime ia reckoned must be apecilied. 

It ia cufitomary for civil and comraBTcial purposes to reckon time 

'A all places throughout Britain as for the meridian of Greenwich; 

'isil mean solar time being found for scientific purposes, when 

tqnired, by calculation. 

At Btatioas close to the two sides of the meridian of 180" there 

s necessarily a difierence of a whole day in the dates corresponding 

to the same real instant, the date at the western side of that 

meridian being the later. The position of the meridian of 180° i 

"ely arbitrary, depending ob. the position assumed for the raeri- 

D. of 0", which is different in each different nation. 

6. siviaiaBi of ifae Tear. — Intei'vals in days from the beginning 

f tiiB first day of January to the beginning of the £rst day of each 

i the other calendar months : — 
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MEASURES. 



Ck)mmon Year. Leap Year. 



Common Year. Leap Year. 



Januaxy,... o 

February,.. 31 

March, 59 

April, 90 

May, 120 

June, 151 

A so-called "lunar" 
days.* 



31 

60 

91 
121 

152 



July, 181 

August, 212 

September,.... 243' 

October, 273 

November,.... 304 

December, .... 334 



182 
213 
244 
274 

305 
335 



month is four weeks, or twenty-eight 



Section III. — Measures op Length. 

1. The British Standard iTard is the distance, at the temperature 
of 62^ Fahrenheit, between two marks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French metre is aclao g- of the distance, at the tempera- 
ture of 13° Reaumur (see pages 105, 106), between the ends of a 
certain bar, called the "Toise of Peru" (see pages 93, 94), and is 
approxiiliately one ten-millionth part of the distance from one of 
the earth's poles to the equator. J The use of this measure, and 
others founded on it, is lawful in Britain, and a copy of the 
standard metre is kept in the Exchequer office. 

3. British measures of liength* — 





Inches. 


Feet 


Yards. 


Inch § 


= I 


= tV 


= ^V 


Hand 


4 


i 


i 


Foot 


12 


I 


i 


"Yard 


36 


3 


I 


Chain 


792 


66 


22 


Furlong 


7,920 


660 


220 


Mile 


63,360 


5,280 


1,760 



Statute ^les. 
— 1 — 



- 6 3 3 6 
TTSTTT 



1 

■5" 



Metres. 

0-02539977 
0*10159907 
0-30479721 
0-91439180 
20*11662 
201*1662 
1,609*3296 



The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 

commonly into binary divisions, as halves, quarters, 8ths, 

16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 

lOOths, l,000ths, and 10,000ths. 

• A mean lunation, or real lunar month, is approximately 29i, or more 
exactly, 29 53059 mean solar days ; 235 lunations nearly = 19 years, — a period 
caUed a lunar or Metonk cycle. 

f See "Weights and Measures Act," 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Boyal Observatory, Greenwich, 
the Rooms of the Royal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
different meridians, (see pa^e 117). 

§ An inch is almost exactly one 500,500,000th part of the earth's polar 



MEASOEEa OF LENGTH. 

^ The Hasd is used for heights of horses and girths of apara, 

, The Foot is subdivided decimally by civil engineers. 

t The Yard, in Cloth Measure, ia subdivided binarily, into 
halves, quarters, half-quarters, and naUs, or 16tlia of a 
yard. An English Ell ia 1\ yard, or 45 inches. 

, The Chain, in Land Measure, ia subdivided into i poles or 
perdtes (each of 5^ yards) and 100 Unk» (each of 7-9'i 

A Fathom ia two yards. 

The Geoqkaphical, Nautical, or Sea Mile, or Enot, depends 
on the dimensions of the earth, which are known approximately 
only. The following are estimates of its value : — 

lean length of one minute of 
longitude at the equator; 
being the nautical mile hy 

Admiralty Regulation, 

\ Mean length of one minute of 
latitude, 



6,076 






A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 r/ib!es and 
1,000 fathojns; the fathom thus obtained being about one-80th 
part longer than the common fathom. 

4. French neirical nieaiiurc* sf I.ea8)b. — 

Matron. ErlUsb Umimrsa. 

Millimetre, o-ooi = 0-03937043 inch. 

Centimetre, o-oi 

Decimetre, 01 

Metre, ( = Jiff)tJToise}, i =3-3808693 feet. 

Decametre, to 

Hectometre, 100 

Kilometre, 1,000 = 0-6213768 mile. 

Myriametre, 10,000 

The French ru»ad= British nautical mUe. 
liOg. feet in a metr6 = 0-5159889356. 

!caiU*h nud TrLili TOciuDrea of dength. — 

The Irish Peecu = 7 yards = -54 imperial porch. 

The Irish Mile = 320 Irish perches = 2,340 yards = \^ 

statute mile. 
The Scottish Inch = 10162 imperial inch. 
The Scottish Ell = 37 Scottish inches = 37-06 imperial inches 

= 3-0683 imperial feet. 
The Scottish Fau. = 6 Scottish ells = 18-53 im]^ria.l itut. 
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MEASURES. 



The Scottish Mile = 320 falls = 1,920 ells = 5,929-6 imperial 

feet = 1*123 statute mile. 

Each of those miles was divided into 8 furlongs, and 80 
chains. 

As to Scottish measures, see Buchanan's WdgJUs and Measures, 
Edinburgh, 1829. 

6. Tarions WLemmarem of liongthr— 



United States, as in Britain. 
India — 
Hath or haut (cubit), 

Coss (mile) = 4,000 cubits,... 

EussiA — 

Foot = 12 inches, 

Sashen or sag^ne, 

Verst (500 sSOien), 

Prussia, Denmark, Norway— 

Foot = 12 inches, 

Ruthe (rod) = 12 feet, 

Mile = 24,000 feet, 

Austria — 

Foot = 12 inches, 

Klafter = 6 feet, 

Mile = 24,000 feet 

German geographical mile, 

German sea-mile, 

Sweden — 

Foot = 12 inches, 

Fathom = 3 ells = 6 feet 

Mile = 6,000 fathoms, 

Netherlands — 

Palm, 

El, 

Myle, 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

China — 

Chih(foot), 

Chang = 10 chih, 

Li = 180 chang, 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet, 



British Measurea 

1 8 inches. 
J 6,ooo feet. 

( = I '136 stat. mile. 

I foot. 
7 feet. 
3,500 „ 

I "02972 foot 
12*35664 feet. 
(24,7x3-28 
\ = 4*6806 slat, miles. 



I '03713 foot. 
6*22278 feet. 
524,891*12 

( =4*7142 stat. miles. 
4 geographical miles. 
I geographical mUe. 

0*97410 foot 
5*8446 feet 

i 35»o67-6 

( = 6*6116 stat. miles. 

3*937043 inches. 
3*2808693 feet 



I 3,280*8693 
I =0* 



>> 



6213768 statmiL 



Metres. 

0-4572 
j- 1,828*8 

0-3048 
2*1336 
1,066*8 

0*31385 
3*7662 

j- 7,532*4 

0-31611 
1*89666 

} 7,586*64 

7,408 nearly. 
1,852 nearly. 

0-2969 
I -7814 

j- 10,688-5 

OT 

i*o 



I" 1,000 



I "054 foot. 
10 -54 feet 
1,897 feet 
= o*3593 stat mila 



} 



0-32125 
32125 

578*25 



0*32483939 
1*94903632 



I '0657556 foot 

6*3945335 ^et 
Log. feet in a toise, 0*8058088656. 
For the measures of length used in various States of Glennanj, 
Bee der Ingenieur, by Dr. Julius Weisbach. 




Sectios IV. — Me.4st:bes of Are; 



1. BFlilik radunm ef Aren.— 



Square mile, 

liAHa MXAfiUBE — 

Parch, 

Sq. chain (^ 10,000 aq. links), .. 

Bood = 40 perchen, 

Acra =^ 4 roods = 10 Bq, cliaiiiB, 
Used ib the Aktb — 
Squaco (of roofing or flooring),.... 

Rood (£acB of mnsonry), 

Rod (face of brickwork), 



Si. iBBhBB. 


Sq.F=« 


, 


■<u 


} ;» 

3.097,600 

4,'8'p 


9 

27,878,400 

272J 

43^560 


"" 36 


2J2 



IS:7.st 


l.„d. 


Sq.millinLetre,,,, 
Sq. centimetre,.. 
Sq. decimetre,... 

Sq. metre, = 

Sq. decametre, = 


Gentiare, 

Decarc. 
Hectare, 


Sq.liectometre,= 



'S'5°03 sq. inulie: 
ro754l Bq. foot. 
107641 aq. feet. 
!07'64i aq. foot. 
I,Q76'4i sq. feet 
10,764-1 Bq. foot. 
57,64[ sq. feot=2'47i 

3. Old Hcotllib and IHah EAnd niciHiiRi. — IrisL acre — 4 TOods ^ 

160 perclies= 70,560 square feet^YST, or 1-6198 imperial a 

Scottish acre = i i-oods=lGO fall3 = 51,937 sqiu 
imperial acre. 

i. Turlaiu aeamrea oC Area. — 



L UsiTini States, aa in Britain. 

I K 08814— 

■ Sqnar8Saot = l44 8qnttrein.,. 

B Square BBsheo = 40 8qwiirG ft., 
^^ I>essatiiie=2,400ait Baahon,. 1 




Britieb MaaiUTSB. 



ftet = l'3612 



I square fuot. 
49 sc^uare feet. 

= 2-69977 
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HEASUBESi 



Various Mbasures op Absa— continued. 



PBUSSTA,DBlOtARK,N0RWAT — 

Square foot =144 square in.,. 
Square ruthe=144 square ft., 

Morgen=180 square ruthen, 

Austria — 
Square ft. = 144 square iu. , . . . 
Square klafter = 36 square ft;., 

Joch = 1,600 square klaffcer, ... 

Sweden — 
Square ft. = 144 square in., ... 

TuDnlaiid=56,000 square ft, 

Netherlands — 
Square el, 

Bunder =: 10,000 square el,.... 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

Old French square foot = 144 
square inches, 



{ 



} 



British Measoras 

I '06033 ^' ^"^** 
1^2*6875 sq. feet. 

27,4837s 

=0*63094 acre. 

1*07564 sq. foot 
38723 sq. feet 

6i,9S7 ,, ., 
= 1*47366 acre. 

0*94887 sq. foot 
53,136-72 sq. feet 
= 1*21977 acre. 

10*7641 sq. feet. 
107,641 „ 

=2*4711 acres. 



1*1358 sq. foot. 



} 



Sqnaro IfotTBs. 

ox)985o 
141-85 

2,553*3 



0-09993 
35975 
} 5,756 

ox>88i5 
} 4,9364 



} 



1*00000 
10,000 



0*10553 



Section Y. — Solid Measures. 



1. Britiih Solid lUKeaaurem,-^- 



Cubic inch (subdivided decimally), 

1 footxl inchx 1 inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally of 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Rood of masoniy (=36 square yards 

face X 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a ship, 

Ton, shipbuilders' old measurement,... 



Cable Inches. 



} 

} 



I 
12 

144 

1,728 
46,656 



Cable yards. 
24 



Cable ft Cable Metres. 



TTTS 

1 

1 
T7 



27 

SO 

648 

306 

35 
100 

94 



0*000016387 

0*00019664 

00023597 

0*0283161 

0764534 
1-4158 

18*35 

8*665 
0*9910624 
2*83161 
2*6617 



SOLID MEASUBE3 — WEIGHT3. 



3. TKriana Sell 

-tsiTBD States, as in Britain. 

'Bdssu, cubic foot, 

ritwssii, Denbask, Norway, cubic ft., 

AvsTBiA, cubic foot, , 

SwxsBK, cubic foot, 

SlBTHBlU.ANDa, Cubi 

SXloiitm, ItalTj Pohtdoal, Spaih- 



2. — French Ifelrlc Solid ntranii 



Scleooo And 


Trida. 


Cubic millimetre. 
Cubic centimetre, 
Cubic decimetre= 


Milli^tere, 
Cautistere, 




Deoiatere, 


Oubiomrtre.....^ 


Stece, 
Docaatere, 
Heotoatere, 
KiloBtere, 




Section VI. — Meascees 

1. The BiBBdnrd Pannd Avairdopoia is the weight, at the temper- 
ature of 62' Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at o 
file level of the sea, of a certain piece of platinum which is kept in 
ilie Exchequer Office at Westminster. 

2. The iHaadBrd KiieBranme is the Weight, at the temperature 
of the maximum density of water (about i° Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, iu the 

itdtude of Paris, of a certain piece of platinum which is kept in 
le French Archives. The use of weights founded on this standard 
1 lawAil in Britain, and a copy of it is kept in the Exchequer 
lffice.» 
In the tables of the following articles the rolative values of the 

Eiind avoirdupois and kilogramme are taken from Professor- 
iller's paper " On the Standard Found" iu the PhUosoph 
Trvauaavmii for 1856. 

* The tdlagramme was at f!nt intended to be the wi?ight of & cubio- 
decimetre of pore w&tar at its maxiinam density; but it is in fac 
'iriMt gi«ater. 



J 
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MEASUEES* 



3. British nieasiirea of Weight.^ 

Grains. 

Avoirdupois Weioht — 

Dram, 

Ounce = 16 drams, 

Pound = 16 ounces, 

Stone, I* 

Quarter = 2 stone^k 

Cental, 

Hundredweight = 8 stone 

Ton = 20 cwt, 
Troy and Apothecaries' 
Weight — 

Grain, 

Scruple ( Apoth.), 

Pennyweignt (Troy), 

Dracnm (Apoth.) = 3 
scruples, 

Ounce = 20 dwt 1 

= 8 drachms, ./ 

Pound = 12 oz., 

Diamond Weight — 

Diamond grain, 

Carat = 4 mamond grains, 



:} 



27*34375 

437*5 
7,ooo 

Ton. 

0*00625 

0*0125 

0-05 
I 

Grains. 

I 
20 

24 
60 

480 
5,760 



LbB. 
Ayoirdnpds. 

0*00390625 

0*0625 

I 



14 

28 

100 

112 

2,240 



' 



0*8 
3*2 



000255714 
0-003428571 

0*00857143 

0*06857143 
0*82285714 






4. French metric Bleasiires of Weight*— 

Grammes. 



0*001 
o*oi 
o*i 
i*o = 
10 
100 
1,000 = 
10,000 
100,000 

1,000,000 =: 



Milligramme, 

Centigramme, 

Deci^amme, 

Gramme, 

Decagramme, 

Hectogramme, 

Kilogramme, 

Mynagramme, 

Quint^ 

Tonneau (in shipbuild-) 
ing) or millier, i 

5, Tarions Bleamires of Weight. — 

United States, as in Britain, with the 
following exception:— 

Quintal, 

Russia— 

Pound = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds,... 
German Zollyerein, Denmark, Nor- 
way — 

Pound, 

Centner = 100 pounds, 

Austria — 

Pound = 32 loth, 

Centner = 100 pounds, 



Grammes. 

1*7718463 

28*3495408 

453*5926525 

6,350*297135 

12,700*59427 

45.359*26525 
50,802*37708 
1,016,047*5416 

0*06479895 
1*295979 

1*5551748 
3887937 

31-103496 

373*241952 

0*05183916 
0*20735664 



British Measm^Eu 



15 -43234874 grains. 

• • • 

2*20462125 lbs. avoirdupois. 

.•* 
0*9842059 ton. 



British Measures. 
100 lbs. 

0*90283 
361-132 



1*10231 
110*231 

1*2346 
123*46 



Grammes. 
45,359*26525 

409*52 
163,808* 



500* 
50,000* 

560*012 
56,001*2 




MEABURES OP WEIGHT — OP 



YASioca Measitkbs o 



Pond = 10 Oiicen = IO0 Looden=I,000 

Wigtjea, 

BsLOimi, Italy, Stain, Poktdgai. — 
French Metric Measures. 

Gin or Catty = 10 tael or Ijung, 

Picul = 100 cattiea, 

Section VII. — Measuees oy Capacity, 

1. The BiBDdnrd Gallon 13 the volume of 10 lbs. avoifdupoia of 
pure water, at the tempei'ature of 63° Fahrenheit, and under the 
atmospheric pressure of 30 inches of mercuiy. At that tempera- 
ture iixe Tolame of water ia 1 '001113 times its minimtun volume. 

2. The standard I,iire is the volume of a kilogiumme of pure 
Tvater, at ita temperature of maximum density (about 4° Centigrade), 
aud under the atmospheric pressure of 7G0 millimetres of mercmj. 
It was originally iiiteaded to be a cubic decimetre, but ia actually 
somewhat greater. 

3. Briliab nicasaiei ef CspDclIr. — 




Eiilieh Solid Wbbs 



GiU, 

Pint 

Quart 
Pottle 
Gallon 
Peck 



4 8itk, 

Hpints, 

2 quarts,.... 
2 pottlds, ... 
SgJlonB,... 
8 Wbela,.. 



1-160372 onb. foot, \i 



o'i4igo7 
0-567623 
'■135255 
2-27051 

4-54102 



A tun of ale = 2 butta = 4 hogsheads = 
litres. 

A (on of se-a-watec = 35 cubic feet = 
991-04 litres. 

ApoTHECAaiis' FtDiB Mbasdbe. — t 



:6380s cnli. feet I 290-62528 
216 gaUons = 980-8( 



illona nearly = 






Fluid drachm - 60 mintr 
fluid ounce = 8 fluid 
Pint = 16 fluid 

Gallon = 8 pinta, 

K" This is the correct Tolame of 10 Iba, of pure water at 62° Fahr., and ia 
Ibenlbre the true value ofasallan in cubic inches. luanAotofParluuuent, 
paw {wrtly repealed, that vdume ia stated to bo 27T'^'t<±^:^DUl)K>^l»i^. 



0*0000616 

o'003697 
o '0295 71 
0-473154 
3785^35 



I 
1 



Frencfa metric IMcBiHrcti of Capacllr- — 



HiUmtre,... 
Cantilitre,... 
SecOitre,.... 

Decalitre,-. 



Cublo iDchaiL 



KUolitre 

Myrialitre, 

5. TarloBs laeuurei of CapacUr-— 



Oatloa = 231 cubic incbes, 

KnssiA — 

Vedro= 10 krnschki = 750 'SfiS oubio inches = 

Prussia — 

Quart or Viertel [ = 64 Fmesiait cubic incbea), 

Oxhoft = It ohm = 3 eimer = 6 anker = ISO nimrt, 

Tonne = 4 scheffd = Mmetiien = 192 viertel, 

Adsteia — 

40 Bcidel = 80 pfiff = O'OMS Anstriwil 



cubic foot, 
Eimer = 40 nuuiaa, 

SWKDBS — 

Kaau ( = 0*1 Swedisli cubic foot) 

Im = eOkaimar, 

ITKTHERLANDa^ 

Km (subdivided decimally), 

Old Scottisb gallon = 8 pints = 10 ckopinH = 32^ 



intchkins = 12S gilla,- 



0-57635 
34-58' 



'S7-0* 



Section VIII. — Measures of Value. 

I. The FiaencH of Cold and siitcT Cains means the proportion 
of the preciouB metal which they contain, and is generally espressed 
in thouBBiicitha of their total weight. The fiiieneaa of gold coina 
is also expressed in carats, or 24ths of their total weight. 

The fineneaa of British gold coins is 22 carats, or 0-916|; of 
British silver coins, 0'925; and. of the coins of most other nationa, 
0-900. 



■. The 1 



ind sirriins is the value of the 



pure gold in a sovereign, viz,, 113-001 ( 

The aUoy in a, sovereign consists of copper,... io'273 

Pull weight of a sovereign, I23'aj4 

Fineness, 22 carats ^ 0'916|. 

Ijeast legal tender weight, 12275 

Current weight, or least weight received at 

par at the Bank of England, 132-5 
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MEASURES or VALUE. 101 

3. The Franc is the value of 4-5 grammes of pure silver; ■which. 
beiug alloyed with OS gi'amnio of copper, the full weight of the 
coin is 6 grammes. Tiie iiuenesa is 0'900. The Italian Lm is 
equal to the franc in weight, fineness, and value. 

i. The German Union Dollar (Vereinsthaler) i3 the value of ■^, 



(Vereinsthaler) 

of a kilogramme, or 3dT'2 grains) of pure 

weight of alloj, the fineness 



of a Zollpfund ( 

silver, to which is added 

being O-900. 

5. The Conpnraiire Tnine of moneys in different countries 
fluctuates with the rate of exchange, and cannot be stated exactly, 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For further information, 
reference may be made to M'Culloch's Commercial Dictionary, and 
Kelly's Universal Cambiat. 

£ Slrrllna. Fnuida. 

British Pound eterling ^ 20 thillingg \ 

= UQ pence = ^&0 farthings, | 

French and Belgian Frane = 100 I 

eetUimes = Italian lira, J 

American Dollar = 100 cents, 

[ HoBsaji Ejtble ^ 100 kopeks, 

lenuan KeretniiAo^er (Union Dollar), \ 
= Prussian t/taler = 30 aUberg- > 

I rotehen ^ Z&O pfennige, ) 

jLustrian Qidden (Florin) = | uere- I 

in^ujier ^ 100 •neukreutzeT, J 

" South German Gulden (Florin) =1 

Lveraratlialer ^ 60 hvutzer = > 
Opfennige, ) 

Bretherlandish Gulden, Guilder (or | 

\ Florin) = 100 eenta, / 

Danish Riggbankdaiw = S6 akil- ) 

- ling, ) 

Norwegian Specieadaler ^120 skU- | 

''■nff. ■; I 

Swedish SiAadaler^lOO ore {species- 1 

daler = i riksdaler), J 

Portuguese MUreia =. 1,000 rds, 

Spanish Duro (Dollar) = 20 reales, 

British Indian Rupee ^ IC annas =: 1 
192 ;)»ce(iM= 100,000 ru}>eM),... ] 



■0548 
5625 



■03333 



>83 
•og^^ 



3*941 
3655 



I '383 
5'937 
5-254 
= ■333 



f length 



Comparuon of Different Measures of Velocity. 



per hour. per eeconl per mlnata per hour. 

I = 1-46 =88 = 5280- 

o-68i8 =1- =60 = 3600 

0'0ii36 = o-oifi = 1 =60 

>i893 = 

1 nautical mile'l 

per hour, or>- =1-1508 = I (583 = 101-275 = 6076J " 



nautical mile'^ 

per hour, orf- =1-15 



The units of time being the same in all civilized cnuntriea, the 

proportiona amongst their units of velocity ore the eanie with those 

^niongat their linear measures. 

2. Speed of Tnrning, or AngaiBr Teieciiri ia expressed in turns 

per second, per minute, or per hour, or in circular measure per 

eecond. 

To convert turns into circular measure, multiply by 6-2833 
To convert circular measure into turns, multiply I:^ o'i59i55 

Comparison of Different Measures of Angvla/r Ydoelty, 



572-958 

3600 



^745 0-000277 



jiG65 



3. iifHTineu is expressed in units of weight per unit of volnme; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI,) Bpeciac Grariir is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is 62° Fahr., and in France the 
temperature of the maximum density of water. To convert 

rific gravity, as estimated in Britain, into heaviness in lbs. to 
cubic foot, multiply by C2-355, 
In metric measures the specific gravity of a substance is equal 
to its heaviness in kihigmuimcs t<i the litre (or cubic decimetre 
verj nearly). 



^^^ UEASUHEa OP PBESSUKE — OF WOBK, 

4. Tlie YntemliT of PreHim is expressed i 
the unit of area, aa pouiida ou the Kquiire inch, or fcilogra 
tiie square metre; or by the height of a column of some fluid; 
or m atmos^^iereg, the unit in this case being the average piesaura i 
of the atmosphere at the level of the sea. ] 

The foUowiiig table gives a compatiaon of various units in w!iieli I 
the intenaitiea of pressures are commonly expresaed 

One pound on the square inch 

One pound ou the square foot, 

Onejnchofmercury{thati8, weight 
of a column of mercury, at 32° 
Fahr.jOne inch high), 

One foot of water (at Sg""! Fahr.), 

One inch of water, 

Dne atmosphere, of zy^32 inches 
of mercuiy, or 760 millimetres, ; 
ine foot of air, at 32° Fahr., and 
under the pressure of one atmos- 
phere, 

ne kilogramme on the square 



Ine kilogramme on tbe square 

miUimetre, 204, 

Ins millimetre of mercury, 

Comparison of Reads of Wate}- in Feet, wUh Presmrea in 

Varioua Unite. 1 

One foot of water at Z'^°'Z Fahr, = 63-4 lbs. on the square foot. 
o'4333 lb. on the square inch, 
00295 atmosphere. 
"^33 inch of mercury at 32°' 
J feetof aira6 3a°, and 
ne atmosphere. 

One lb. on the square foot, o'oi6o26'foot of waterat ja'-j 

Fahr. 

Ine lb. on the square inch, 2-308 feet of water. 

IneatmosphereofzQ'pza inches) 

of mercury, J ^^ ^ " " 

Ine inch of mercury at 32°,.. 
hie foot of air at 32°, and 01 

Ktmosphere, 

Ine foot of average sea water, 




D26 foot of pure water, 
pressed in units of weight lifted through an uuit 
n Iba. lifted one foot, called fool-'gotmih ; 



kilogrammes lifted one metre, called kilogrammeiTea. (See t 
XI. of this part.) 

A kilogrammetre is 7'233o8 foot^-pounda. 

A foot-pDuod is □'I38254 kilogram metreL 

6. Power is e^tpressed in units of vork done in an unit of time; 
as in foot^poTinds per aecond, per minute, or per hour; or in 
cunyentional units called Itorae-povxr. 

One HoTse-Power, Britiah. measure, = 530 ft.-lba. per second 
= 33,000 ft. -lbs. per minute = 1,980,000 ft.-lba. per hour. 

One "Force de Cheval," French meaaure,^75 kilogrammetres 
per aecond ^543^ ft.-lhs. per second nearly ^0-9863 
British horse-power. 

One British horse-power = i'OI39 force de cheval. 

7. The suiiciii nomeai of a given weight relatively to a given 
vertical plane is the pi-oduct of the weight into its horizontal 
distance from that plaae, and is expressed in the same sort of 
units with work. 



Comparison of Measures of Statical Momerit. 

Inch-lh. = ^''^^ 

13= I Ft.-]b. = 0-131 

112 ^ 9J := I Inch-cwt. ^ ^'3903}! 

i,34+= 112 = 12= I Foot-owt. = I5'48*+ 

3,240^ i86§:= 20=; i|:= I Inch-ton^ a5'8o74 

26,880 = 2,240 ^ 240^20 =12^1 Foot-ton ^309689 
8. AbMiuie vaitM of Force.— The "Absolute Unit of Force" ia 
a. term used to denote the force which, acting on an unit of masB 
for an unit of time, produces aft imit of velocity. 
The unit of time employed is always a second. 
The unit of velocity is in Britain one foot per second; in 

France one metre per aecond. 
The unit of mass ia the mass of so much matter a3 weighs one 
unit of weight near the level of the sea, and in eome 
definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 

In Britain the unit of weight chosen ia sometimes a grain, 

sometimes a pound avoirdupois; and it ia equal to S^'iSf 

of the corresponding absolute units of force. 

In Prance the unit of weight choaeu is a gramme, and it ia 

equal to 9'8o87 of the corresponding absolute unite of force. 

The proportions borne to each other by the absolute units of 

force in different countries arc nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 



n 



-VK&SDRES OF WHAT , 

the same but for the variation of the force of gravity in the J 
latitude. Gravity is about 1-00017 times greater in London than | 



\ about — 461' 



Section X.— Measukes of Heat. 

Standard Points— s'ih^S^^iX^il 

Boiling point of water 1 » „ 

under one atmoaphere, J 

Melting point of ice, 32° □" 

(Absolute zero; known \ 
by tieory only 

9° Tahrenheit^ 5° Centigrade = 4° ESaumm-, 

Temp. Fahr. = - Temp. Cent. + 32° 

= -■ Temp. R^aum. + 33° 

Temp. Cent = - (Temp. Fahr — 32°) = - Temp. E&um. 

Temp. Efeum. = g {Temp. Fahr. — 33') = ~ Temp. Cent. 

2. Qnaaiiiiea of ncai are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of ' 
Fahr. (the British unit of heat) ; or in kilogrammes of water 
;ed one degree Centigrade (the French unit of heat). 

e French unit of heat (called Co;o™) = 3'96833 British units. 
\ One British unit of heat =o'35i996 French units. 

Quantities of he^t 
Vaporation; that is, units of 
Itiie pressure of one atmosphere 

Heat which evaporates one '. 

of water under one atm< 

phere, 

Heat which evaporates o 

kilogramme of water, 



•units of 
;ht of water evapoi-ated under 



= 966-1 British units of heat 
= 536-7 French units of heat 
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GOMPABATIYE TaBLE OF SCALES OF TeMPEBATUBE. 



Fahr. 


Cent 


Bdaun. 


Fahr. 


Cent 


B^um. 


Fahr. 


Cent 


B^mn, 


-58 


-60 


-40 


3" 


165 


124 


680 


360 


288 


-49 


-45 


-36 


320 


160 


128 


689 


365 


292 


-40 


-40 


-32 


329 


165 


132 


698 


370 


296 


-31 


-35 


-28 


338 


170 


136 


707 


375 


300 


— 22 


-30 


-24 


347 


175 


140 


716 


380 


304 


-13 


-25 


— 20 


356 


180 


144 


725 


385 


308 


- 4 


— 20 


-16 


365 


185 


148 


734 


390 


312 


+ 5 


-15 


— 12 


374 


190 


152 


743 


395 


316 


14 


— 10 


- 8 


383 


195 


156 


752 


400 


320 


23 


- 5 


- 4 


392 


200 


160 


761 


405 


324 


32 








401 


205 


164 


770 


410 


328 


41 


+ 5 


+ 4 


410 


210 


168 


779 


415 


332 


SO 


10 


8 


419 


215 


172 


788 


420 


33<5 


59 


15 


12 


428 


220 


176 


797 


425 


340 


68 


20 


16 


437 


225 


180 


806 


430 


344 


77 


25 


20 


446 


230 


184 


815 


435 


348 


86 


30 


24 


455 


235 


188 


824 


440 


352 


95 


35 


28 


464 


240 


192 


833 


445 


35<5 


104 


40 


32 


473 


245 


196 


842 


450 


360 


"3 


45 


36 


482 


250 


200 


851 


455 


364 


122 


50 


40 


491 


255 


204 


860 


460 


368 


131 


55 


44 


500 


260 


208 


869 


465 


372 


140 


60 


48 


509 


265 


212 


878 


470 


37<5 


149 


65 


52 


518 


270 


216 


887 


475 


380 


158 


70 


56 


527 


275 


220 


896 


480 


384 


167 


75 


60 


536 


280 


224 


905 


485 


388 


176 


80 


64 


645 


285 


228 


914 


490 


392 


'185 


85 


68 


654 


290 


232 


923 


495 


39^ 


194 


90 


72 


563 


295 


236 


932 


500 


400 


203 


95 


76 


672 


300 


240 


941 


505 


404 


212 


100 


80 


581 


305 


244 


960 


510 


408 


221 


105 


84 


690 


310 


248 


959 


515 


412 


230 


no 


88 


699 


315 


252 


968 


520 


416 


239 


"5 


92 


608. 


320 


256 


977 


525 


420 


248 


T20 


96 


617 


325 


260 


986 


630 


424 


257 


125 


100 


626 


330 


264 


995 


635 


428 


266 


130 


104 


635 


335 


268 


1004 


640 


432 


275 


135 


108 


644 


340 


272 


lOIc; 


545 


43^ 


284 


140 


112 


653 


345 


276 


1022 


550 


440 


293 


145 


116 


662 


350 


280 


1031 


555 


444 


302 


150 


120 


671 


355 


284 


1040 


560 


448 



COmrEBSIOK-TABLESL 
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SEcnoK XL — Tables of Mui/nniEBS fob CoNTEBTiKa 

Measubes. 



1. Compariaon of Binarfy 

HalTe8.4thB. Sths. 16fhB. 82d8. 

I 
I ... 2 



* ••• 2 ... 



3 

4 
5 



X ••• 2 



. 6 

7 
. 8 

9 
5 ... 10 



3 

4 



II 
3 ... 6 ... 12 

13 

7 — U 

I ••• 2 ... i^ ••• O ... J. U 

17 
9 ... i8 

19 

5 ••• lO ... 20 

21 

II ... 22 
23 

3 ••• 6 ... 12 ... 24 

25 
13 ... 26 

27 

7 ••• 14 ••• 28 

29 

15 ••• 30 

. 31 
9 ... 4 ... 8 ... 16 ... 32 



Decimaly and Dnodecimal Fraction*.— 

Dedmala 12thB. Cfha. 4fhB. 8ds. Halvea 
•03125 
•06250 
•08333 — I 

•09375 
•12500 

•15625 

•16667 ... 2 ... I 

•18750 

•21875 

•25000 ... 3 I 

•28125 

•31250 

•33333 — 4 ... 2 I 

•34375 

•37500 

•40625 
•41667 ... 5 

•43750 
•46875 

•50000 ... 6 ••• 3 ••• 2 ••«.•• ••• z 

•53125 
•56250 

•58333 -. 7 

•59375 
•62500 

•65625 

'6666^ ... 8 ... 4 2 

•68750 

•71875 

•75000 ... 9 3 

•78125 
•81250 

•83333 — 10 ... s 

•84375 
•87500 
•90625 
•91667 ... II 

•93750 
•96875 

1*00000 ... 12 ... 6 ••• \ .«. ^ «%% "^ 
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The values, in decimals, of the binary fractions are exact Those 
of duodecimal fractions which are not also binary fractionsi, are 
approximate only. 

2. MnlUpliera for ConrerCing Bria«h McamireB. — 





A.— Links 
into 


R— Feet into 
links. 


0— ^qnare 
Links into 


D.— Sqnaxe 
Feetmto 






Feet 


Square Feet 


Square Links. 




I 


o'66 


1-51515 


0-4356 


2-2957 


I 


2 


1*3^ 


3-03030 


0-8712 


4-5914 


2 


3 


1-98 


4-54545 


1-3068 


6-8871 


3 


4 


2 64 


6-06061 


1-7424 


9-1827 


4 


5 


330 


7-5757<5 


2-1780 


11-4784 


5 


6 


396 


9-09091 


2-6136 


13-7741 


6 


7 


4-62 


10*60606 


3-0492 


160698 


7 


8 


5-28 


I2-I2I2t 


3-4848 


18-3655 


8 


9 


5-94 


13-63636 


3-9204 


20-6612 


9 


10 


6 -60 

E.— Mean 


15-15152 

F.— Statate 


43560 


22-9568 


10 




Geographical 
Miles into 


Miles into Mean G.— Tons 


H.-Lbs. 






Geographical 


into Lbs. 


into Tons. 






Statate Miles. 








1 


1-151 


0-869 


2,240 


•0004464 


I 


2 


2*302 


1-738 


4,480 


•0008929 


2 


3 


3-453 


2-607 


6,720 


•0013393 


3 


4 


4-603 


3-47<5 


8,960 


•0017857 


4 


5 


5754 


4-345 


II,200 


•0022321 


5 


6 


6-905 


5-214 


I3»440 


•0026786 


6 


7 


8056 


6-083 


15,680 


•0031250 


7 


8 


9-207 


6952 


17,920 


•0035714 


8 


9 


10-357 


7-821 


20,160 


•0040179 


9 


lO 


11-508 


8-690 


22,400 


•0044643 


10 




L— Tons 


J.— Cubic Feet 

intn Trnin 


K— Lbs. on the 


L.— Lbs. on 






Displacement 


Square Lioh 


the Square Foot 
into Lb& on the 






into 


Displacement 


into Lbs. on the 






Cubic Feet 


(Square Foot 


Square Inch. 




I 


35 


•02857 


144 


•00694 


I 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•11429 


576 


•02778 


4 


5 


n5 


•14286 


720 


•03472 


5 


6 


210 


•I7M3 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


1,152 


•05556 


8 


9 


3^5 


•257 H 


1,296 


•06250 


9 


10 


350 


•28571 


1,440 


•06944 


10 
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a.-Lta.A™i 


r. N.— GrafiiH Into 


O.-Cutk Fnet F.—GiIIodh Into H 








Cnbic Feel. 


1 y,ooo 


0-000142857 


62355 


O'l6037 I 




0-000285714 


12-4710 


0-32074 2 


3 ar,ooo 


0-000428571 


18-7065 


0-48113 3 


4 28,000 


0-000571429 


24-9420 


0-64149 4 


5 35.°°o 


0-000714386 


31-1775 


0-80186 5 


6 42,000 


0-000857143 


37-413° 


0-96223 6 


7 49.000 




43-6485 


1-12260 7 


8 56,000 


0-001142857 


49-8840 


1-38298 8 


9 63.000 


o'ooiz857i4 


46-1195 


I -44335 9 


10 JOjOOO 


0-001428571 


62-3550 


1-60372 10 


Q.— YclosB or 


Dednul FracaoDS of m Fdo 


nd Sterling In Sbll 


CBS Md Pence. 


£ g. 


d. 


£ 


d. 


£ ». <i. 






34 




01 = 


> 2-4 




■002 





48 




02 


i 4-8 


240 


I -003 




73 




03 


D 7-2 


3 6 


•004 





96 




04 9-6 I 


4 8 


■005 








OS 




5 10 


■006 




44 




06 


2-4 


6 12 


■007 




68 




07 


4-8 


7 U 


■oo3 




92 




08 


7-2 


8 16 


■009 


216 


■09 


9-6 


9 18 


K.— Vnldea of F 


nrUunga, Penoa, and ShilUi 


«,I«Deei™iFrB= 


aonsofaPo^i 


Firthlnga. 


£ 


ShllllagB. 


£ 




-OOIO417 








a 


■0020833 


2 




10 


3 


■0031250 


3 




15 


Frhm. 




4 






I 


-004167 


5 




^5 


»4 


■006250 


6 




30 


a 


•008333 


7 




35 


3 


-012500 


a 




40 


4 


■016667 


9 




45 


4i 


■OT8750 








5 


■020833 


II 




55 


6 


•025000 






60 


r, 


■029167 


13 




65 


2* 


•031250 


14 




70 


8 


■033333 


IS 




75 


9 


■037500 






80 


10 


•041667 


17 




85 


loj 


■043750 


18 




90 


11 


•045833 


>9 


.. 1 


k 






-J 



° a , = P ^'3 ^^ ^"3 

1 1 |l| j^ ?^ ?4 



.9 J 
•s 



I 




«||iaa|:i i-m!li 
.ilt!5-!i§||l-l llllai 




,.^ = -s-S ".|"'?| 



?1I I? l^ 1 .1^= i i-3 8.1 g.S.S.S.S,J i.a S.I 
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KBASUBES. 



L MULTIFLIEBS FOB CONYEBTING BRITISH ASD FbENCH 

Measube& 





A.-MetrMi 


&— Feet 


CL— MiHimetres 


IX— Inches 






into 


into 


into 


into 






Feet 


Metres. 


Inebes. 






I 


3*2809 


03048 


•03937 


25*400 


I 


2 


6-5617 


0-6096 


•07874 


50*800 


2 


3 


9*8426 


0*9144 


*ii8ir 


76*199 


3 


4 


i3'i23S 


1*2192 


•15748 


101-599 


4 


5 


16*4043 


1*5240 


•19685 


126*999 


5 


6 


19*6852 


1*8288 


•23622 


152399 


6 


7 


22*9661 


2*1336 


•27559 


177*798 


7 


8 


26*2470 


2-4384 


•31496 


203-198 


8 


9 


a9*5278 


2*7432 


•35433 


228*598 


9 


lo 


32*8087 


3*0480 


•393.70 


253998 


10 




S.-^iiftre Metres 


F.— SqiiATe Feet 
into 


Gw— Sqnare 


H.—8qasi« Indies 






into 


Millimetres into 


into Sqaare 






Square Feet 


Square Metres. 


Sqaare Inches. 






I 


10*764 


•0929 


•0015500 


645-15 


I 


2 


21*528 


•1858 


•003 100 1 


1290*30 


2 


3 


32*292 


•2787 


•0046501 


1935-44 


3 


4 


43'o56 


•3716 


•0062001 


2580*59 


4 


5 


53821 


•4645 


•0077501 


322574 


5 


6 


64585 


•5574 


•0093002 


3870-89 


6 


7 


75*349 


•6503 


•0108502 


4516*04 


7 


8 


86*113 


•7432 


•0124002 


5161*18 


8 


9 


96*877 


•8361 


•0139503 


5806*33 


9 


10 


107*641 


•9290 


•0155003 


6451*48 


10 




L— Cubic HetreB 


J.— CnMc Feet 


E.— Cable Millimetres L.— Cable Inches 






into 


into 


into 


into 






Cable Feet 


Cable Metres. 


Cable Inches. 


CaUo Matimetres. 




I 


35*316 


•028316 


•00006103 


16387 


I 


2 


70*631 


•056632 


•00012205 


32773 


2 


3 


105*947 


•084948 


•00018308 


49160 


3 


4 


141*262 


•II3264 


•00024410 


65546 


4 


5 


176*578 


•I41581 


•00030513 


81933 


5 


6 


211*894 


•169897 


•00036615 


98320 


6 


7 


247*209 


•I 98213 


•00042718 


II4706 


7 


8 


282*525 


•226529 


•00048820 


I3IO93 


8 


9 


317*840 


•254845 


•00054923 


147480 


9 


10 


353156 


•283 16 X 


•00061025 


163866 


10 



F 


^^ 


1 


^^ 


H 




Mm-TipLiERs 


FOB COHVEKTIHG BbITISH ASD 


Frencii 


■ 






Mbabubes 


—amtiri'ued. 




■ 




H-GnmiMS 


N.-Qj^n» 




P.-Lt«. 


^1 




into 




IDU 


into 






GnJuB. 


Qi^l^i. 






I 


I5-4323 




06480 


3-2046 


0-4536 


I ^M 


2 


308647 




12960 


44092 


0-9072 


a ■ 


3 


46'Z97o 




19440 


6-6139 


1-3608 


3 ^M 


4 


617294 




35920 


8-8. 85 


1-8144 


4 H 


5 


77'i6i7 




32399 


11-0231 


2-2680 


5 ■ 


6 


925941 




38879 


13-2277 


2-7216 


6 ■ 


7 


108-0364 




■t5359 


154333 


3''75i 




8 


"3-4588 




51839 


17-6370 


3-6287 


h H 


9 


138-891. 




58319 


19-8416 


4-0833 


9 m 


io 


154-3235 


■64799 


32-0462 


4-5359 


to ■ 






a— Tona 


a-Lic™ 


T.-<3d lions 


1 




into 












Tons. 




Gallons. 


lii™ 




I' 


0-9843 


1-Ol6o 





3203 


4-541 


I 


.3 


1-9684 


2 •□3 2 1 





4404 


9-083 


a 


3 


2-9526 


3-0481 





6606 


,3-623 


3 


■t 


3-9368 


4-0643 





8809 


lS-164 


4 


S 


4-9310 


5-0802 


I 




22-705 


5 


6 


5-9052 


6-0963 


1 


3213 


27-246 


6 


7 


6-8894 


7-1123 




5415 


31-787 


7 


8 


7-8736 


8-1284 


1 


7617 


36-328 


8 


9 


8-8579 


9-144+ 


1 


9819 


40-869 


9 




9-8431 


101605 


2 2021 J 


45-410 

-Lbii. on thB 






C— KIloEnmimclro 


v.— Fool-Lbfl. 










Inio 








F««-Lbt 




BqoirelBotL 


^hojq™™ 




I 


7'=33 


0-13825 


1422 


000703 


I 1 


2 


.4-4(i6 


0-2765. 


2845 


001406 


' .■ 


3 


arfigg 


0-41476 


4267 


002109 


3 ■ 


4 


!S()32 


0-55302 


5689 


002812 


*m 


5 


36165 


069137 




003515 


sfl 


6 


43398 


082952 


853^ 


004^19 


^m 


7 


50632 


096778 


99ri6 


004932 


:■ 


8 


57-865 


1-10603 


11378 


005625 


^1 


9 


63098 


1-24429 


12801 


006328 


9m 


[0 


»2-33> 


1-38=54 
I 


14323 


007031 


'A 


|_ 










_J 
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HSASUBES. 



MlTLTIFLIEBS FOB CONYERTINa BbITISH AND FbENCH 

Measubes — contintied. 





Yi—KilometreB 


Z.— Miles 


AA.— Hectares 


BB.—Acres 






into 


into 


into 


into 






Hilea. 


Kilometres. 


Acres. 


Hectares. 




X 


0*6214 


I *6o93 


2*471 


0*4047 


I 


2 


1*2428 


3*2i86 


4*942 


0*8094 


2 


3 


1*8641 


4*8280 


7-413 


1*2140 


3 


4 


24855 


6-4373 


9*884 


1*6187 


4 


5 


3*1069 


8-0467 


12*356 


2*0234 


5 


6 


37283 


9*6560 


14*827 


2*4281 


6 


7 


4*349^ 


11*2653 


17*298 


28328 


7 


8 


4-9710 


12*8747 


19*769 


3-2375 


8 


9 


55924 


14*4840 


22*240 


3*6421 


9 


10 


6*2138 


160933 


24*711 


4*0468 


10 




CO.— Francs 


DD.-£ 


EK— Francs 


FF.— Pence 






into 


into 


into 


into 






£. 


Franca 


Fence. 


Franca 




I 


•03965 


25*22 


9*516 


0-10508 


I 


2 


•07930 


50*44 


19033 


0*21017 


2 


3 


•I 1895 


75*66 


28-549 


0*31525 


3 


4 


•15860 


100*88 


38*065 


0*42033 


4 


5 


•19826 


126*10 


47-581 


0*52542 


5 


6 


•23791 


151*32 


57*098 


0*63050 


6 


7 


•27756 


176-54 


66*614 


073558 


7 


8 


•3172I 


201*76 


76*130 


0-84067 


8 


9 


•35686 


226-98 


85*646 


0-94575 


9 


lO 


•39651 


252*20 


95-163 


1*05083 


10 



5. Conversion of Velocities. 





A.— Ifiles 


R— Feet 


C— Knots 


D.--Feet 






per Hour into 


per Second into 


into 


per Second 






Feet per 


Miles per 


Feet per 


into 






Second. 


Hour. 


Second. 


Enota 




2 


1-467 


0*682 


1*688 


0*592 


I 


2 


2-933 


1*364 


3-376 


1-185 


2 


3 


4-400 


2*045 


5-064 


1*777 


3 


4 


5*867 


2*727 


6-752 


2*370 


4 


5 


7-333 


3-409 


8-439 


2*962 


5 


6 


8*800 


4*091 


10-127 


3-555 


6 


7 


10*267 


4*773 


11-815 


4-147 


7 


8 


iJt*733 


5*455 


13-503 


4*740 


8 


9 


13*200 


6*136 


15-191 


5332 


9 


zo 


14*667 


6*818 


16-879 


5*925 


10 
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CoNVEESiON OP Velocities — continued. 

Angular Velocity. 

£.— Knots into F.— Metres per G.— Turns per H.-^OirculaT 

Metres per Second into Second into Measure into 

Second. Knots. Circulai' Measure. Turns per Second. 



I 


0-5144 


1-944 


6-28 


0-159 


I 


2 


1-0288 


3-888 


12-57 


0-318 


2 


3 


1-5432 


5832 


1885 


0-477 


3 


4 


2-0576 


7776 


25-13 


0-637 


4 


5 


2*5720 


9-720 


31-43 


0-796 


5 


6 


3-0864 


11-664 


37-70 


0-955 


6 


1 


3 6008 


1 3 -60 J 1 


4398 


1-114 


7 


8 


4-ii5a 


15-552 


50-27 


1-273 


8 


9 


4*6296 


17-496 


56-55 


1-432 


9 


lO 


5-1440 


19-440 


62-83 


1-592 


10 



6. Conversion op Pressures in Atmospheres. 



A 1 L L L J-LJ- 


Lbs. on 


Lbs. on the 


Kilogrammes 


Millimetres 


Inches 


Feet 


Atmos- 


the 


Square 
Foot 


on the 


of 


of 


of 


pherea 


Square Inch. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


I 


14-7 


2I16 


10333 


760 


29*922 


339 


2 


294 


4233 


20666 


1520 


59-844 


67*8 


3 


44-1 


6349 


30999 


2280 


89*765 


ioi*7 


4 


58-8 


8465 


41332 


3040 


119*687 


135-6 


5 


73*5 


IO581 


51665 


3800 


149*609 


169-5 


6 


88-2 


1269^1 


6199^! 


4560 


179-531 


203*4 


7 


102*9 


I4814 


72331 


5320 


209-453 


237-3 


8 


II7-6 


16930 


82664 


6080 


239374 


271*2 


9 


132-3 


19047 


92997 


6840 


269-296 


305-1 


10 


147-0 


21x63 


103330 


7600 


299*218 


339*<i 




RULES IN ENGINEERING GEODESY. 



EaHli'ii Principal DimcBilani (as calculated at the British 
Ordnance Survey Office, and published in 1866.) — Longitude of 
the earth's greater equatorial axis, about 15" 34' east of Greenwich. 
Longitude of the eai-th's leaser equatorial axis, about 103° 3i' east 
of Greeuwich, 



Greater equatorial axis, 4i>85:, 

Lesser equatorial axis, 4i|B.^9, 



12,756,588 

■944 12,752,701 

12,754.^44 



Mean etjuatorial diameter, 41,846,3 

Polar axis, 41,706,8, 

Mean between mean equatorial I _ ,- _ 

dkneter .ad pokr .li., | ■t'.J7«.59» ",733,390 

In the present state of our knowledge, calculations of the earth's 
dimensions are doubtful beyond the fifth figure. 

2. niuine of XisUinde. — Length oa the earth's surface corr»- | 
Bponding to a uiiuute of the mean meridtan; 

feet =6076- 31 cos • 2 latitude of middle of ai 
metres = 1852 - 9-4 ooa ■ 3 latitude of middle of ai 
(observing that cosines of obtuse angles Lave their signs reveraed.) I 
These formulce are cori'ect, fur any meridian, to the nearest foot, 1 
and to the nearest vi of a metre. 1 

3. iiiiaaie «r Prims Tanieai (being the great circle perpendicular, I 
to the meridian), 

. - . 12314 + length of minute of meridian 
"* leet - ^— —^ ; 

3723 + length of minute of meridian 
in metres = — ^ , 

4. BIlHHie mt J^aBgiiBde.— For its length multiply the length of I 
a minute of the prime vertical by the cosiue of the latitude. f 

5. Bi|tlaaaiiaa at Table.— The following table giTcs the resull* I 
of the three preceding rules in feet, correct to the nearest foot, foe J 

. latitudes at intervals of one degree, irou 0° to W \ — 
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BULES IN ENOINXERINC^ OE0DE3T. 



Lat 


Min. Long. 


Mln. pr. V, 


MiiLLat 


MlTi.Lat 


Min. pr. t. 


IBaLong: 


o°.. 


. 6086 .. 


.. 6086 . 


., 6045 


6107 . 


.. 6107 . 


... 


I ... 


. 6085 .. 


.. 6086 . 


.. 6045 


6107 . 


.. 6107 . 


.. 107 ... 


2 ... 


. 6083 . 


.. 6086 . 


.. 6045 


6107 . 


.. 6107 . 


.. 213 ... 


3 •• 


. 6078 .. 


.. 6086 . 


.. 604S 


6107 . 


.. 6107 . 


.. 320 ... 


4 ... 


. 6071 .. 


.. 6086 . 


.. 6045 


6107 . 


.. 6107 . 


.. 426 ... 


5 •• 


. 6063 .. 


.. 6086 . 


.. 6045 


6107 . 


.. 6107 . 


.. 532 ... 


6 ... 


. 6053 ., 


.. 6087 . 


.. 6046 


6106 . 


.. 6107 . 


.. 638 ... 


1 •• 


. 6041 .. 


,. 6087 . 


.. 6046 


6106 . 


.. 6107 . 


.. 744 ... 


8 ... 


. 6027 .. 


.. 6087 . 


., 6046 


6106 . 


.. 6107 . 


.. 850 ... 


9 ... 


. 6012 . 


.. 6087 . 


.. 6047 


6105 . 


.. 6106 . 


.. 955 ... 


lO ... 


. 5994 . 


.. 6087 . 


.. 6047 


6105 . 


.. 6106 . 


.. 1060 ... 


II .. 


• 5975 . 


.. 6087 . 


.. 6047 


6105 . 


.. 6106 ., 


.. 1165 ... 


12 .. 


. 5954 . 


.. 6087 . 


.. 6048 


6104 . 


.. 6106 . 


.. 1270 ... 


13 •• 


• 5931 • 


.. 6087 . 


.. 6048 


6104 . 


.. 6106 . 


.. 1374 ... 


14 .. 


. 5907 . 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1477 ... 


15 .. 


. 5880 . 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1580 ... 


i6 .. 


. 5852 . 


.. 6088 . 


.. 6050 


6102 . 


.. 6105 . 


.. 1683 ... 


17 .. 


. 5822 . 


.. 6088 . 


.. 6050 


6102 . 


.. 6105 . 


.. 1785 ... 


i8 .. 


. 5790 .. 


.. 6088 . 


.. 6051 


610I . 


.. 6iog . 


.. 1887 ... 


19 .. 


• 5757 . 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 . 


.. 1988 ... 


20 .. 


. 5721 .. 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 . 


.. 2088 ... 


21 .. 


. 5684 .. 


,. 6089 . 


.. 6053 


6099 . 


.. 6104 . 


.. 2188 ... 


22 .. 


. 5646 .. 


.. 6089 . 


.. 6054 


6098 . 


.. 6104 . 


.. 2287 ... 


23 •• 


. 5605 .. 


,. 6089 . 


.. 6054 


6098 . 


.. 6104 . 


.. 2385 ... 


24 .. 


. 5563 .. 


,. 6090 . 


.. 6055 


6097 .. 


>. 6104 •• 


.. 2483 ... 


25 .. 


• 5519 •« 


,. 6090 . 


.. 6056 


6096 .. 


.. 6103 .. 


.. 2579 ... 


26 .. 


• 5474 .« 


.. 6090 . 


.. 6057 


6095 ., 


.- 6103 .. 


.. 2675 ... 


27 .. 


. 5427 .. 


.. 6091 . 


.. 6058 


6094 ., 


. 6103 ., 


.. 2771 ... 


28 .. 


. 5378 .- 


.. 6091 . 


.. 6059 


6093 .. 


. 6102 .. 


.. 2865 ... 


29 .. 


• 5327 • 


.. 6091 . 


.. 6060 


6092 .. 


. 6102 .. 


.. 2958 ... 


30 .. 


• 5275 .« 


.. 6092 . 


.. 6061 


6091 .. 


. 6102 .. 


. 305^ ... 


31 •• 


. 5222 .. 


,. 6092 . 


.. 6061 


6091 .. 


. 6102 .. 


.. 3142 ... 


32 .. 


. 5166 .. 


.. 6092 . 


.. 6062 


6090 .. 


. 6101 .. 


. 3233 ... 


33 •• 


. 5109 - 


.. 6092 . 


.. 6063 


6089 .. 


.. 6101 .. 


. 3323 ... 


34 •• 


. 5051 .. 


.. 6093 . 


.. 6064 


6088 .. 


. 6101 .. 


. 3413 ... 


35 •• 


• 4991 .- 


.. 6093 . 


.. 6065 


6087 .. 


.. 6100 .. 


.. 3499 ... 


36 .. 


. 4930 - 


.. 6093 . 


.. 6066 


6086 .. 


. 6100 ., 


.. 3586 ... 


37 •• 


. 4867 .. 


.. 6094 . 


.. 6067 


6085 ., 


. 6100 .. 


.. 3671 ... 


38 .. 


. 4802 ., 


.. 6094 . 


.. 6068 


6084 .. 


,. 6099 .. 


. 3755 ... 


39 ••• 


. 4736 .- 


.. 6095 . 


.. 6070 


6082 .. 


. 6099 . 


.. 3838 ... 


40 .. 


. 4669 .. 


.. 6095 . 


.. 6071 


6081 .. 


. 6098 .. 


.. 3920 ... 


41 .. 


. 4600 .. 


.. 6095 . 


.. 6072 


6080 .. 


. 6098 ., 


,. 4001 ... 


42 .. 


. 4530 •< 


,. 6096 . 


.. 6073 


6079 .. 


,. 6098 ., 


.. 4080 ... 


43 •• 


. 4458 .. 


.. 6096 . 


.. 6074 


6078 .. 


. 6097 .. 


.. 4158 ... 


44 •" 


43^5 .. 


,. 6096 . 


.. 6075 


6077 .. 


. 6097 .. 


.. 4235 •.. 


-<5' ... 


43^^ .. 


, 6ogl ,. 


. 6076 


1 60^6 • 


.. 609^ ., 


.. 43" - 



Lat 
90. 
89 

88 
87 
86 

85 
84 

83 
82 

81 

80 

79 
78 

77 
76 

75 

74 

73 
73 

71 

70 

69 
68 
67 
66 

64 

63 
63 

61 

60 

59 
58 

57 
56 
55 
54 
53 
53 
5t 
50 

49 
48 

47 
46 

45 



ninule of a Greni rircle In anr Azinulh. — Asimulh is tllO 

angle ■which a given vertical plane traversing a station loaltea yviA 
the plane of the meridian of that station. iLet m denote the length 
of a minuto of the meridian, B,ndp the length of a minute of the< 
prime vertical, at the latitude of the middle of the arc to 1» 
measured; then the length required 



^p + m 



3 aamuth: 



observing, that when the arimuth exceeds 45°, the second t 
of the formula is to be added, instead of subtracted. 

Example I. — In latitude 60", required the length in feet of 
minute of a great circle on the earth's surface whose azimuth is 30°.' 

6102 + 6091 12193 _. . , . ^ 

— s = — 2 — = C096'5 feet. 

11 rr, . 



Product to be subtracted, 2'75 



Length required, (o the nearest foot,... COdi ieet 

Example II. — In the same latitude, let the azimuth bo CCPj 

then 60° x 2 = 120°, an obtuse angle, whoso cosine is = — co» 

(180* - 120°) = - cos GO" = - 0-5. 

E- ^ — as before, 60DG'5 feet 



Length required, to the nearest foot, 6099 feet 
6a. Conuined jirc^Divide the distance betiveen two stationn 
by the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

7. Ta find (he True Aslniuih af s ■inilon-E.lae. 

L Sy the Two t/reatest Elongatiorta of a Circwmpolar Star. — 
Obflerve the greatest and least horizonta! angles made by a. star 
T the pole with the station-line when the star is at its gi-eatest 
Sances east and west of the pole, and take the mean of tliose 
:auigleB, which is the true azimuth of the station-line. In the 
northern hemisphere the Fote-star, » Ursoj Minoris, is the best 

This method is seldom practicable with an ordinary theodolite, 
18 in general one of the observations must be made by daylight 
II. Uy equal Altiludea of a Star. — The theodolitft Wm'j, m)s. 



tha J 
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J 



120 

station in the station-line cliosen, measure the liorizonlal angle from 
tie station-line to any star ■wliicli ia not near the higLeat or lowest 
point of its apparent daily conrae, and take also the altitude of tlist 
star. Leave tLo vertical circle clamped, and let the inBtriimeut 
remain nndisturhed until the star is approachiDg the same altitude 
at the other side of ita apparent circular course. Then, without 
moving the vertical circle, direct tlie telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-acrew follow 
the star in azimuth witii the croaa wirea until it arrives exactly at 
its former altitude, as is shovn by its image coinciding with the 
cross wires ; then measure the horizontal angle between the new 
direction of the star and the stAtion-line: the mean between the two 
horiaintal angles will be the true azimuth of the atation-line," 

In both the preceding proeeases it is to be understood that the 
Tttean o/two Imnzontal angles means their fia!/-3um when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite iddes. 

The second method may be applied to the sun, observing the 
snn's west limb in the forenoon and e-ast limb in the afternoon, or 
vice versA; but in that case a correction ia required, owing to the 
sun's change of declination. When the sun's declination is chang- 
ing towards the i t] { > ^^^ approximate direction of the naeri- 
dian, as found by the method just described, is too far to the 
I Ipft f ■ "^^^ correction required ia given by the fotmula,t 

change of sun's declination , ,.. . 1 , 
y X sec 'latitude x coaec ^ angular 

motion of sun between the observations. 

m. Sy Onu greaiest Elongation of a CiTcumpolar Star. — To nae 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sia ■ azimuth of atar at greatest elongation 
= coa ■ declination -^ cos 'latitude; 

and that azimuth, being added.to or subtracted from the horizont^ 
angle between the atation-line and the star, when at its greatest 
elongation (according as the station-line lies to the same side of 

" In obaerring at niglit with the theodolite, it is neccasary to throw, by 
means of a lamp and a Bmall mirror, enough of light into the tube to duJm 
. the cross wires visible 

t At the equinoxes, the rate of change of the bus's declination ia ftbont 
W tier hour; and it varies nearly as tho cosiiuj of the sun's right 



meridian with tlie star, or to the opposite side) give 
luth of the station- line.* 
IV, By observing the Altitude of a Star, and ths Horkontal 
'finglehetvieeait ajui tliB Station- Line. — The altitude being corrected 
'ir refraction, the azimuth of the star is computed bj taking the 
mith distance, or oomplemeat of that altitude, the polar diatancet 
Pff the star, and the co-latitude of the place, as the three sides of 
I spherical triangle j vhen the azimuth of the star will be tha 

I ' The following 13 a taHe of the declinaliioiis of a few of the more cot 
niouous Htars for the Ist of Jaduury. 1S65, together with the aanool rate a 
^bich those declinatiooB are changing, -t- denoting increase, and — dimiDT 



HOETHEEN HEMISPHERE. 

MorOi DecIlDstiaii. B 



a Aodroraedie, .. ... 

a Ur«e Minons (Pole-Star), 88 35 S3 

a Arietia ^ 22 49 21 

a Ceti, 3 33 28 

a Peraei, 49 22 39 

« Tanri (Aldebaran), -18 14 ' 



« UnUUJlt \i>litJOiKBIlIB}, - I i^ ti 

a Geminorum (Castor), 32 10 S2 

a Canifl Minoris (Protyon) 5 34 7 

j9 Geminorum (PoUniF, 28 20 57 

a Leonia (Eegulna), 12 37 32 

a DrsfflMajoris 62 S8 44 

.1 TJniaMa^oria 49 69 17 

d Bootia (Arfturufl) 19 53 12 

a Ophiuchi 12 39 39 

u Lj.nB(VBEa) 38 39 38 

a AqoiliB (Altair), 8 30 61 

a Cygni, 44 47 58 

a f egaai {Markab] 14 28 4G'5 



■I- 9 -2 
+ 12 7 
■H9 "3 



SOUTHERN HEMISPHEBE. 



Ononis (Rigel),... 

Cetambffi 

. ArgQs {Canopua), 
Caoia MbJocis (Sl 

Hydne, 

ArgOM... 



IS)... 



a Cracis, 62 20 58-5 

a Virginia (Spica) 10 27 21 

a Cautauri 30 16 24 

a Bcorpii (Antarea) 26 7 46 

a TnaaEoli Australia, 68 46 27 

a Pavoms, ff7 9 «) 

« Oruia. 47 36 46 

a Piaois Aimtralis (Fomalhaut),... 30 20 13 

+ The polar diatance la the complement o£ the declinatlOTi. 



f 10 -9 
■I- 18 -9 
i- 15 -0 



angle opjioaite the side representing the polar diatanca 
azimuth of the station-line is theu to be found as in Method IIL ■ 

V. A})proxisnale Alet/iod by observing certain 
Stars. — In the northern hemisphere a meridian- 
line may he fixed approximately by observing, 
■with the aid of a, plumb-line, the instant when 
the Pole-star A, and the star Alioth {• TTrsas 
Majoris), appear in the same vertical plape. The 
Pole-star ia marked A in fig. 36. 

8. Angle belireeii Two Klerldlana. — When two 

poiuta on. the earth's surface have the same 
latitude, hut different longitudes, the horizontal 
angle made by their meridians with each other is 
found by the following equation: — 



? 



Fig. 88. 



. 1 



horizontal a 



3lo = 



3 difierence of long, x son ■ lat 



9. Aaininoinicai RerniEiina. — The correction for rrfraction ii 
always to he subtracted from an altitude. It maybe found in 
seconds approximately by the following formula: — 

Refraction = 58" x cotan apparent altituda 
For more exact information on the subject, see a paper by the 
Eev. Dr. Robinson in the TranaaclioTia o/l/te Moyal Irish Academy, 
■vol. xix. Tables of Eefraction are given in treatises on Naviga- 
tion, such as Eaper's. 

Below about 8° or 10° of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. Dip of ihe Si?a-i(oriiaa, in seconds = J (height of station in 
feet) X 57"-4, nearly, 

11. To And the I.nlllBde sf a PInce. 

Method I. By Hie Mean Altitude of a Circwnvpolar Stm: — Tats 
the altitudes of a circumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants when 
the altitude is greatest and least). From each of those apparmt 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Star. — Observe the 
meridian altitude of a star by watching for the instant ■when ita 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessaiy. The complement of tiw 
true altitude is the zenith distance. Find the decliuation of tbs 
Btar iiova the Nautical Ahnanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator. 

Latitude =^ Zenith distance + Declination; (1,) 



FIHDIXG THE LATITODE. 

If tbe star is bet'ween the equator and the horizon, 

Latitude ^ Zenith distance — Declination; (2.) 

If the 3tar ia between the zenith and the elcTated pole. 

Latitude ^Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizon, 

Latitude = 180" — Declination — Zenith distance; ...(i.) 

Method IIL Sy tlie Sun's Meridian Altitude. — In this method 
ihe final calculation, from the Bun'a declination, as found in the 
Jfautiad AlmaTuia, and the true attitude of his centre 

n Method II. But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding tbe sun's semidiitmeter, according as his up[>er or Ian 
'mb has been observed, and by adding the sun's parallax, heing 
le angle subtended at the sua by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, fium the ^iculica^^^/naiuie, and 
^^^ultiply it by the cosine of the altitude of tbe sun's centra. 

(The mean value of tbe sun's horizontal parallax is about 8''6). 
The sun's aemicUaineter on the day of observation is to be found 
in the Nautical Almanac. It varies from 15' 46" to 16' 18", 
The calculation may be thus set down algebraically — 

I True altitude ^ apparent altitude — Dip {if the sea- \ 
< horizon has bepn observed) — Refraction ^ sun's > (5.) 
( semidiameter-h parallax; j 

Zenith distance = 90" — true altitude, (6.) 

Latitude (see Equations 1, 3, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Jlquatton 3 is occasionally applicable between the tropics; and 
liquation 4 relates to observations made at midnight, ii 
in the polar regions. 

12. The DlOcrencii of I.nitimlo of two stations near each othec'J 
^^ 1 best found by observing the difference of the raeridia 
tndea or zenith distances of the same star as seen from tl 
stations. 

. T« nenmre a Biuc-lilne for a Sni-rcr Appri>iliniitclr< hf 

■.aiiiBdcB.—The stations for the two ends of the b^se-lino should be 
rithin sight of each other; not less than about fifty miles apart, if i 
possible, and as nearly as possible in the aame m.ctv^o.n. 
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Take the true azimtitli of the base-line by Hule 7 ; and, if possible, 
take it from both stations^ and take the mean of the results, which 
will be slightly different. 

Take the latitudes of both stations by Rule 11, and the difference 
of their latitudes by Rule 12. The difference should be taken with 
the utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide by 
the cosine) of the azimuth ; reduce the angle so found to minutes 
and decimal fractions of a minute; multiply it by the length cor- 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ); the product will be the required length 
of base, correct to about one-6,000th part of itself 

Example. — Suppose the data to be as follows : — 






Mean azimuth, 30^ 

Mean latitude, 60* 

Difference of latitude, 50' 

Then,— 

Difference of latitude _ 50' ^ k7'.7*i/? 
cos azimuth " '86603 "~ 

X Length corresponding to one minute, ") 
as already computed in Example 1 of >• 6,094 feet. 

Rule 6, 3 

Length of base required, 351,837 feet. 

Which is correct to the nearest 60 feet, or thereabouts. 

14. To Reduce an Elerated or ]>epresaed Base to the liCTel 

of the Sea. — Multiply the base as measured, by its elevation above , 
or depression below the sea-level, and divide by the earth's mean 
i-adius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed. (Earth's mean 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metrea) 
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FOR PLAN3 AND SECTIOKS, 135 ^H 


Section II. — Scales fob 


Plans and Sections. ^H 




1. Plans. 


I 


~~-s£r'" 


FiMtionol 


Use. 


1 


(1.) 1 inch to a milo, 


epBO 


Scale of the smaller ordnaTice maps of 
Urilain. This scale ia uell adapted 








fur maps to be used in esplotins the 








coumrr. 


■ 


(2.) * inches to a mile, 


iSm^ 


Smallest scale permitted by the stand- 


■ 




ins ofJs™ of parliament for iho de- 


■ 






posited plans of proposed works. 


^ 


(3.) 6 inches to a [uile, 


1U,5<)0 


Scale of thfl larger ordnance maps of 






Great Britain and Ireland. This 








scale, bemg just large enough In 








show buildings, roadi, and other 








importnnt ot>)ecta distinctly in their 








true forms and proportiona, and at 








the samo time small enough to 


■ 






eoKbte the eje of the engineer to 


■ 






embrace the plan of a considerable 


■ 






eitent of coniilrj at one view, is on 


■ 






the whole the best adapted for the 


■ 






selection of Imes for enginecrmg 


■ 








■ 








^ 


(4.) G'33(; inches toaiDile,.. 




Dedmal scale posseasing the some ad- 






lO.UOO 


vantaEes. 




(B.)«0 feet loan inch, 


1 


Smallest scale permitted ly the stand- 






i,800 


ing orders of parliament fur "en- 
larged plans" of buildings and of 
land withm the curtilase of buildings. 




(6.) 6 chains lo an inch, 


j;7ii 


Scale answering lUe same purpose. 
Scales well suited for the working 




(7.)16-81inchosloamilo,.. 


Vioo 


surveys imd land plans of great 
engineering works, and for en- 


J 


(B.) 5 chains W an inch, nr 1 
16inabD>tDamile, j 


'"^" 


larged parliamentary plans. 

(Scale 8 is that prescribed in the sland- 

flectloQs" of proposed railways, show- 
ing alterations of roads.) 


1 


(9.) 25-3i4 inches to a mile 


u.juo 


Scale of plans of part of the ordnance 
suney of Brilain, from which the 

Well adapted far land plans of en- 
gineering works and plans of estates. 


1 


to.) 200 fMt to in Inch, 


1 


Scale salted fur similar purposes. 






a.iuo 


Smallest scale prescribed bi- law for 
land or contract plans in Itclaod, 


fl 


L^ 




. M 
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Ordinarv Desigiiation 
of Scale. 


Fraction of 

real 
DimensionR. 


Use. 


(11.) 3 chains to an inch, 

(12.) 100 feet to an inch, 


1 
2,376 

1 
1,200 


Scale of the Tithe Commissioners' plans. 

Suited for the same purposes as the 

above. 
Scale suited for plans of towns, when 

not very intricate. 


(13.) 88 feet to an inch, or ) 
60 inches to a mile, ( 


1 

1,056 


Scale of ordnance plans of the less in- 
tricately built towns. 


(14.) 03*36 inches to a mile,... 


1 

1,000 


Decimal Scale having the same pro- 
perties. 


(15.) 44 feet to an inch, or ) 
120 inches to a mile, ) 


1 

628 


Scale of ordnance plans of the more 
intricately built towns. 


(16.) 126*72 inches to a mile. 


1 

500 


Decimal scale having the same pro- 
perties. 


(17.) 30 feet to an inch, 


1 
360 




(18.) 20 feet to an inch, 


1 
240 


Scales for special purposeSt 


(19.) 10 feet to an inch, 

&c. 


1 

120 
&c. 


J 


2. Sections. 


Ordinary Designation 
of Vertical Scale. 


Fraction 
of real 
Height 


Horizontal S 

with which 

Vertical Sea 

usually comt 


cales 
the 
i>leis 
>ined. 


Exag- 
geration. 


Use. 


(1.) 100 feet to an inch, 
(2.) 40 feet to an inch, 


1 
1,200 

1 

480 

1 
360 


1 
16,840 1( 

^ to 


1 


Prom 
13*2 to 8*8 

10 to 8*25 


Smallest scale permit- 
ted by the standing 
orders of parliament 
for sections of pro- 
posed works. 

Smallest scale permit- 
ted bv the standing 
orders of parliament 
for cross sections, 
showing alterations 
of roadsL 


),560 

1 


4,800 8 
^ to 


,960 

1 


(3.) 30 feet to an inch, 


11 to 6*6 


Scales suitable for 


3,960 2 


,376 


(4.) 20 feet to an inch. 


1 
240 


1 

3,960 2 


1 


16*6 to 9-9 


working sections. 


,876 


&c 


&c. 


&c 




&C. 





"Vertical sections, on a large scale f say ^-^ or 7^)1 and wiV/*. 
ntt exaggeratam, are required at tLe sites of special works. 

Sectiox III. — EuL£a relating to Sdevesinq. 



1. ChafniHi: on a DccIItIIt— Ilcdncllan lo Ike X.cn>L — The f 

correction is always to be subtracted from tlie distance as i 

When .the angle of inclination haa been measured by a "clino- 
metei-" or other angular instrument :~Con;ection in links j 
cfaain = 100 x vwsed aine of inclination. 

When the vertical fall in links for each chain of distance on the slope j 
is known : — CoiTection in links per chain = 100 — \'l 0,000 — fall*, | 

fall' I 

When the slope is gentle : — Correction in links per chain = -^—- , 

nearly. 

lA. Kipumlan «r Ulciunriiig Bod* and ChalniL— Increase of length | 

by an elevation of temperature of 100° Cent = 180° Fahr. ;— brass, 
0-00216; bronze, 000181; copper, 0'00184; wrought iron and 
steel, 00012; cast iron, 00011; platiaum, O'OOOS; glass, 00009; 
dty deal, 0-00043. 

2. Tn 8el On! b Blgbl Anglo bj the Chain. — Choose any two 

numbers; take the sum of their squares, the difference of their 
squares, and twice their product; those three numbers will be pro- 
portional^the first to the hypotheause, and the other two to the 
two legs of a right-angled triangle, which is to be set out ( 
ground. 

I'or example; numbers chosen, 1 and 2; hyj)othi 
=5 ; legs, 3»- 1 = 3, and 2 X 3 X 1 - 4. This is the 
most generally useful i-ight-anglod triangle. Other 
examples: 13, 12, 5; 26, 24, 7j 17, 15, 8; 29, 31,b 
20; &C. 

3. Tie-Linf). — In a chained triangle, ABC, fig. 
37, to find the length of a tie-line, A D. By calcu- 
lation, 

or by constniction, draw the triangle and measure j- 3, 
A D on paper. The measurement of A D on the '^' 

ground is a check on the accuracy of the measurement of A B, 
BC, CA. < 
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4. To Measiire Oap« In 8latloii-I«lKca bj Ihe Chain al — e » 

Case I. — When tJie obstacle can be chained round. 

E.ULE I. (see fig. 37.) — A and D being marks in the etation- 

line at the nearer and further sides of the obstacle, set out a triangle, 

A B C, of any form and size that will convenientlj enclose the 

obstacle, subject only to the conditions, that B and C 

are to be ranged in one straight line with D, and that 

the angles at B and C are neither to be very acute 

nor very obtuse. Measure with the chain the lengths 

A B, A C, B D, DC, and find the length of A D as a 

tie-line (Article 3.) 

Bule II. (see €ig, 38.) — Let A and D be marks at the 

\ nearer and fm-ther sides of the obstacle respectively. 

Bange A B, D C at right angles to the station-line; 

^ make those perpendiculars equal to each other, and of 

Fig. 38. ^'^y length that may be requisite in order to chain past 

the obstacle along B C, which will be parallel and equal 

to A D, the distance required. 

Rule III. (see fig. 39.) — ^Let b and c be 
points in the station-line at the nearer and 
3, *, lurther side of the obstacle respectively. From 
?^^ i. ,^^^\ a convenient station, A, chain the lines A 6, 
r^v^ » Ac, being two sides of the triangle Abe: 
^ ^^^^ connect those lines by a line, BC, in any 
c" position which will form a well-conditioned 
triangle, ABC, of as large a size as is 
practicable : measure its thi'ee sides. Then 
Fig. 80. the inaccessible distance is given by the 

formula, 

h. .//a 72 A^ (A6 + Ac)2-(A6-Ac)2 
^^=V{^^-^^^- (AB4AC)2-(AB-AC)^ ' 

(AB2 + AC2 - BC2). I 

The same formula applies to such positions of the connecting lino 
as B' 0" aud B" C" as well as to B C. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and Abe become 
similar, B C is paiuUel to b c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 

Case II. — Wfien it is impossible to chain round the obstacle^ 



KuLE IV. (see fig. 40.)— Let 6 and o be marks 
n the atation-line at the naarer and further aida 
'of the gap respectively. On the nearer aide of tlie 
obstacle, range the statioaa A and B in a straight 
line with c, making the angle 6 c B greater than 
30°, and place them so that the intersecting linea 
A fi, Bo, connecting them with two points, a and 
b, in the atation-line, shall form a pair of triangleR, 
a 6 C, A B C, with no angle less than 30". Mea- 
sure the sides of those triangles, and compute the „ 
inaccessible distance 6 c as follows: 
ai-A6-BC 



CA-oB — A6-B0" 
Aa a check upon the position thna found for the point c, 
putt) also the inaccessible distance B c as follows : 
A B- aB bO 
^"-Ga-Ab — aBhO- 
This problem is solved graphically by plotting the fign 
c A B C a, and producing a b and A B till they intersect iu c. 

Bute V. (see fig. il.) — When the inaccessible 
distance B D does not much exceed three or foitr 
chains. At B set out B perpendicular to the ,' 

station-line, and of a length such as to make the /' 
angle at D not less than 30^. At C range C A / 
perpendicular to D, cutting the atatioo-hne in A. *^*;~^ 
Measui-e A B, B Cj then \, 



BD: 



BC!! 



1 



"When angvlwr indruTitenia are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5. nieaiBrinK Areai of idnd — Almost al! Hrcas of land are made 
np of parallelogram a, trapezoids, and triangles (see Eules at page 
63), with the addition or subtraction of strips contained between. 

Istniight station-lines and irregular boundaries (see Eules for " Any 
Plane Area," pp. 64 to 67.) For land Measures, see p. 95, 
6. Rererence* IB Ruin of TriHsnDnrIrr--— The following are tho 
Tales of trigonometry chiefly used in surveying by angles ; — 
For Plane Triajtgles; 1, 2, page 53; and sometimes 3 and 4, 
pp. 53, 54; and 6, page 55. 
I For TriangUs so large aa fo be mmibly splisrical; the rule for 
L «pberioal excess, page 55; and the approximate rules, 

I page 58. ^ 



The ttree angles of every tviacgle sliould be measured, tf possible, 
BA a clicct upofl acciuTicy. 

7. BeducUoD of Angles to iliv Ccnlre of tLe Btallon. — When the 
theodolite cannot be planted exactly at a 
Ktntiou in a. trigonometrioal survey, but 
has to be placed at a short distance to one 
side of it, the angle actually mensnn 
I between two objects ia reduced to the ana 
which -would Iiave been measured had tl 
theodolite been exactly at the station, hy a 
_ connection which ia calculated approxi- 

jr^_ 4n mately as follows ; — 

In fig. 42, let C be the station, D the 
position of the theodolite, A and B two objecta; A D E Uie hori- 
y.ontal angle between them aa measured at J>; A C B the required 
horizontal angle at the station C. 

Measure C D, and the angle ADO; calcidate A C and C B 
approximately as if A C B were equal to A D E ; then 




iCE = ADIJ — 20G2Ci".8 C D { 



nADC sinBDC 



AC 



B 



iDC) 
O / 



The above formula gives the correction in seconds when D lies 
■ to the Tight of both C A and C E. "When it lies to the left of 
C E, sin B D C changes its sign; when ta the left of C A, un 
ADC chaages its sign. 

8. Beducilon of 8«xtani-AnKlei> ui ibe KitiTct. — To £nd witlt ft 

reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set vip a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
txnith distance of each object by subtracting ita altitude from, or 
adding its depression to, 90". 

In fig. i3, let O represent the observer's station; O B, O C the 
dii-ections of the objects; BOC the angle between 
them ; D E a horizontal plane; DOB and E O 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC. the three 

sides are given — viz., A B and A C, the zenith d)8- 

tances, and B C, the angle between the objects; and 

the horizontal projection of that angle, being equal 

e A, may be computed by the pi-oper formuk, (See 



1 
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u AOant — In fig. 44, let D be the station 
i to lie determined; ttnd A, B, C, three' 




. DelrrminlUB Sti 

loat whoae poaitio 

lowa fixed objectB, or landmarka, which 
l^ht luA to be ill or near tbe ciraiimference 
e circle traversing D. With a sextant 
r, better atiU, with two sextants) measure 
» angles A D B, B D C ; if practicable alao, 
Htb a third sestaut, measure the angle 
|:DC = ADB + BDC, aa a check on the 
racy of those angles. Then to ]iiot the 
iwtion of D, let A, B, and C be shown on 
B plan. From A draw A E, making the fj, j^' 

^le C A E = C D B: from C draw C E, 

le angle A C E = A D B, and cutting A E in E : 
rough the three points A, C, E describe a circle : through E 
d B draw a straight line cutting the circle in D ; D will be the 
jqnired station on the plan. 

|i Or othericise, — On a piece of tracing paper draw three straight 

) radiating from one point, so as to make with each other 

igles equal to A D B and B D C. Lay it on the plan, and 

ift it about tOl the three lines tra.verse A, B, and C i-eapcotively; 

B point from whicli they diverge being pricked through on the 

plan, will give the position of D. 

In the instrument called the station-pointer, three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc, answer the purpose of the 
three lines on the tracing paper. 



Section IV, — Rules beultiho to LEVELLisa and Soonddio. 

1, CarrccUoB far Cunaiaro nnd Refmction. — The correction fof 

the earth's curvature, to be anilracled from the reading of a 
levelling-staff, is found as follows : Divide the square of the dis- 
tance fi-om the level to the staff by the earth's diameter (41, 800,000 
feet nearly, or 12,740,000 metres nearly). 

Or oiltei-wiae, — Take two-thirds of the square of the distance in 
statute miles for the correction in feet. 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On au average it may be taken at tmo- 
sixtli of the correction for curvature. 

Correction for curvature and refraction combined, to be subtracted 
from the reading on the staff, — average value about 

= 0'56 foot X (distance in statute miles)^. 



6' Earth's diam. 

3, EiCteUlns bj Aajile*. 



-This process is appi-oximate only. 
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KuLE I. — Find the distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are <^ed 
reciprocal angles.) Take the half sum of those angles, and by its 
tangent multiply the horizontal distance between the objects : the 
product will be their difference of leveL 

BuLE II. — When one angle only can be taken, it must be cor- 
rected for curvature and refmction. The correction for curvature 
to be added to altitudes aud subtracted from depressions is oni- 
half of the contained arc; which contained a/rc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertain; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by one-sixth of its amount. 

3. liereiiing hj the Barometer. (Approximate only). — Let the 
quantities observed be denoted as follows : — 

TemxMratures of the 

Heights Mercnry, bv Air, by 

Stations. of Mercurial ** attached'^ ** detached** 

column. Thermometer. Thermometer. 

Higher, h t H 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahrenheit's scale, 

= 60360 { log. H — log. h -. -000044 (T -- «) I . (l + ^^ ~-^^ j ; 

and for metres and the Centigrade scale, 

= 18400 { log. H— log. A-.-00008(T — } .^1 +^A. 

Common logarithms are used in both formulae. (See page 303.) 

In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows : — 

difference of level for feet and Fahrenheit's scale, 

^52428^^—^/(1^ 986 j ^ 
and for metres and the Centigrade scale, 

.l»80=^(l+^'). 
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4. CcTcIllBg bT ibe BvllinB-polnl sf Pnre Wai». — Let boiling- 
point =T, Ctilciiliite^r as follows; for feet and Fulirenlieit'a scale, 

s = 51T (212° — T) + {212' — T)2j 

or for metres and, the centigrade scale, 

s = 284 (lOO^ — T) + (100°— T)=; 

the difference of the values of z at two stations will be tlit'ir 
difference of level, nearly. 

5. Beduciian of Saiiiidiiigi, — Take the difference between each 
sounding and the height of the surface of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

the datura. 

In the absence of direct ohservations of the tide, the height of 
the surface of the water above the datum may he calculated approxi- 
mately aa follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
fail of the tide, and multiply the quotient by 180°; this gives the 
ildal an^le. Multiply the cosine of the tidal angle by half the 
added to 



total r 



of the tide ; the product is to be ■ 



subtracted from 



■ the 



height of the mean tide-level above the datum, according as the 
fid J „.y, h { ^^»^ } . (S.. p.g= 53, li„. 2.) 

Duration of the rise or fall of tide on an oj)en coast, about 6h. 
12m. In narrow channels the duration of the rise is les^, and that 
of the fall greater. 



. ..-RuLi 

bOmUmg Odi Centre Linen of 
OLE I. (see tig. 45). — To 
the radius of a circular 
are which shall touch succes- 
sively Uiree given stmight lines, 
BD, D E. EO. Measure the 
middle straight line D E, and 
the acute angles at D aud R 
Then 



Badius 



= DE-=.rt)m^- + tanfy 



Bdlb IL— To fi»d the points of contact^ E, F, C. 

D B = DF = radius X tan -J ; EP^EC^radiua x tan-. 



BULE Iir.— To calculate the 



3 of the area BF and FC. 






B F = radiua x circular meaaure of D. 

F C = radiua x circular meaaure of E. 
cular mea8Hi-o = aDglG in minutes x 0-0002909 
= angle in degrees x 0-017453; 
s 39 and 41.) 



Bulb IV. — To calculate tiie angle subtended at any station, in 
the circumference of a circle by an ai-c of that circle of a giveu 
length; divide the length of the arc by the radiua, and multiply 
the quotient by 1718'873; the product will be the angle at tlw 
circumference in minutes : or, otherwise, convert the fjuotiont inti>_ 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 3 for the angle at the circumference. 

If the station ia at one end of the are, the angle in question is 
that between the tangent and the chord of the arc. 

Rule V. — To calculate approximately the chord of an arc of a 
given length iu a cii-cle of a 
given radius; froni the length 
of the arc subtract the cube 
of that length, divided by 34 
times the square of tlie radius. 
BuLE VI.— To set oat a 

/L^// circular curve of a giveii 

^^^ radius touching two given 

'^^ straight lines in given pointa, 

E, C, fig. 46. 

It is convenient (though not 
always necessary) to find the 
middle jjoiut of the curve. 
For that purpose, range, by means of the theodolite, the line A.D 
bisecting the angle at A, where the tangents intersectj and lay off 
the distance, — 




■■K 



Fig. 4a 



AD = i-- fcosec g-— l) j 



then will D be the middle point of the curve. 

The points B and C {and also D, if marked) should be mavlced 
by stakes, distinguiahed in some way ironi the ordinary stakes, 
■which are driven all along the centre Hue of the proposed railway 
at equal distances of one chain, or 100 feetj or some other uniform 
distil nee. 
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Any one of the points B, C, or D will answer as a station for 
the theodolite ia ranging the curve. When the length of the ciii-ve 
exceeds about half a mile, the middle point, D, ia the beat station 
BB regards accuracy and convenience. 

The following ia the process of ranging the cavve with the theo- 
lolite planted at its commencement, E : — 

I'or brevity's sake, the distance between the stakes which mark 
ifche centre line of the proposed railway will be caUed "a thain," 
whether it is 66 feet, 100 feet, or a greater distance. 

Let o, in fig. 46, represent the last stake ia the portion of the 
Btraight line immediately preceding the curve; the distance Bl 
from the commencement of the curve to the first state in it will be 
Hie difference between one chain and o B, The angle at the ciiv 
Enraference subtended by the arc B 1 having been calculated by 
Rule IV., is to be laid off by the theodolite from tlie tangent 
& A, the zero-point of azimuth being directed towards A. The 
Pne of coUimatton will thea point in the proper direction for 
the first stake in the curve, I ; and its proper distance from E 
being laid off by menus of the chain, its position will ho deter- 
mined at once. 

The angles at the circumference aubtended hy B I + 1 chain, 
3 1 -«- 2 chains, B 1 4- 3 chains, &c., being also calculated and laid 
tff from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, &c., which are 
kt the same time to be placed succes^jively at uniform distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
enive which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance; but should curves occur of unusually short radii, calcu- 
late the proper chord by Rule V,, and set it off from each, stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the theodolite at D, or at any 
other intermediate point in the curve, or at its termination, 0, the 
process is precisely the same, except that tlie zero-point of azimuth 
u to be turned towards B instead of A; and that when the chain 
i the theodolite station (for example, in going from stake 4 
to stake 5 in fig. 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and C, any stake which has 
Blreody been placed in a commanding position will answer as a 
Station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
ihould have their positions finally checked and adjuated by the 
(ncthod of offsets, for which see page 137. 



I 

I 
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Rule VII. (see ^g, 47). — To set out a circular curve of a given 

radius, r, touching two given straight lines, A B, A C, when the 

^ point of intersection of those lines. A, is 

inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the two 
tangents. The position of the transversal 
D E is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
J,. .J ^ curve in two points, which may be deter- 

^' ' mined, and used as theodolite stations. 

Measure the angles A D E, A E D, which may be denoted by 
D and E. Then the angle at A is 

A = 180^-D-Ej 

A ■!-. 1^ -n sin E . ^ -^ ^ sin D 
AD = DE- .— i-; AE = DE- .— .-: 
sin A sin A 

A A 

DB = r-cotan-j7- — AD; EC = r -cotan ~ — AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged from 
either of those stations as in Rule YI. 

But it is often convenient to have intermediate points in the 
cui*ve for theodolite stations ; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11) : — 

Let F be the point on the transversal, midway between H and K. 

If B D = C E, the point F is at the middle of D E. If B D and 
C E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

DE BD2-CE2 DE BD2-CE2. 

^^"- 2 "^ 2DE "^^ — 2 2DE 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

F H = F K = ^ (D F2 - B D2) = J (E F2 - C E2). 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length: — 

FG = r- Vr2-FH2. 

The angles subtended at the ceMre of the curve bv the several 



arcs between the commencement E and the points H, G, K, C, a 
.a follows : — 

Angle subtended at the centre by B H = 



BH = D-ai'c 


. FH ■ 


BG = D; 




BK=D + aro- 


. FH, 


EC =D + E; 





aud tlio length of anj one of those arcs maj be computed by means 
ofKnlelll. 

Rule VIII. — To set out a circular ciu 
atraight liues, wheu part of the curve 

If the point of intersection of the tangents is accessible, the two 
ends uf the curve are to be determined and marked as in Hule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible gi'ouud ; and the length of the curve is to be computed 
bj Eule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined tind marked by the aid of a transversitl, as in Rule 
VII,, and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection. 
lef the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
itation, or OS a station to chain from, or for both purposes; and the 
■takes lying between the obstacle and the next station beyond it 
■re to be planted by chaining backwards from that station. 

Rule IX.— To set out a circular curve by offsets commencing at 
■ given point on a straight line (fig. 48). 

Let A be tlie commencement of the 
curve; A B the prolongation of tlie 
straight line (being a tangent to the 
curve); and B the end of the chain when 
laid along that prolongation ftom the 
last stake in the sti'sight line. Plant 
I small pole at B, calculate the offset 

B C by the formula B C = „ -,.-—; shift the end of the chain, 

•' 2 rudiua ' ^ 

Slid the pole along with it, sideways from B to C, keeping the 

chain tight, and leave the pole at C 

Drag the cliaia onward in the prolongation of A C; range a 
pole at I) in a straight line with A and C, and at one chain's dis- 




Fig. 43. 
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tance from 0; sliifb the pole and the end of the chain through the 

offset D E, calculated by the formula, D E = -5 — r- — • 

2 radius 

Drag the chain onward; range a pole at F in a straight line 

with C and E, and at one chain's distance from E; shifb the pole 

and the end of the chain through the ofiset F G, calculated by the 

CE2 
formula F G = —ri — ; leave the pole at G, and repeat the same 

pi-ocess for the rest of the curve. 

This method is clumsy and tedious as a means of ranging curves; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

BuLE X. — To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
instniments. It depends on the following relation between the 
versed sine of an angle B and that of its half: 



versm-r = 1 
'2 



-v~ 



versin B 




Fig. 49. 



To apply this principle, let 
B A, C A, in ^g 49, be the two 
tangents, and B and C the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
calculation. Measure the chord 



BC. 



To find the radius, bisect B C in E, measui'e A E, and make 

ABBE 



radius 



AE 



Calculate the versed sine of the angle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows : — 

A B -BE 

AB ' 



versin B = 



and by means of the first formula of the rule (using a table of 

B B B 

squares, if one is at hand) calculate the versed sines of •«> "T> lij 

(fee, in succession, observing that versin B enables one intermediate 

B B 

point in the cuvyg to be found, verain -s, three joints, versin ^, 
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eeveu points; and gRnemlly, that versin — enables 2* +• — 1 iu- 

termediate points in the curre to be found. 

Frfim the middle, E, of the chord B C, e 
lay off the ofiaet E D = r versin B; D will be" the middle point a 
the cnrFe. 

Chain and bisect the chords B D, D C, and fiom their middl© 
points, and perpendicular to them, liiy off the offsets 

H K = I L = r vei-sin ?; 

K. and L will he points in the curve, midway respectively between 
'3 and D, and between D and C ; and so on until a aufficieiift 
laumber of points have been marked by polua. 

Then chain round the curve as mngcd by the poles, and drii 
latafcea at equal distances apart. 

The Hnitormity of the cniTature may be finally checked by 
EulelX. 

2. Cam of Rniu af n Cane. — Divide the sqtiare of the greate 
ordinary speed of a train by the radius of the ciirve, and by 
divisor whose values are as follows; — 

For speed in feet per second and radius in feet, 32; 

For speed in miles per hour and itidius in feet, 15; 

For speed in metres per second and radius in metres, 9 '8. 
3^ultip]y the quotient by the gauge of the rails; the product will 
1w the cant required, in the same sort of measure with the gauge. 

F:. In. Uetrea. 

British narrow gauge, 4 8^ =■ 1433 
British broad gauge, 7 = 2'134 
Iiiah gauge, . . S 3 = 1-600 

Half of the cant should be given by raising the outer rail above the 
level of the centre line, and half by depressing the i 
Examples of cant iu feet for 40 lailes an hour:— 

4 8i ... 600 -V radius in feet. 

5 3 ... 5G0 -=- radius in feet 
7 ... 747 -:- radius in feet. 

Additional cant for cylindrical wheels at speeds not esceeding 13 
tuilea an hour, COO feet ~ radius in feet. 

3. To EnM CIuuBeB af Curralare (Froud^S Method). 

Begin by ranging the centre line as a series of ft^.tw.^'i.Xxoei wt.^ 
circular arcs, by the rules of Article 1 oS ftiw fefttfAsin, doNs^iaM 
the eaat ofench curve by the rule of ArtvcVe 'i. ■ 
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Rule I. — Compute the several cluingea of eanl at the junctions 
of curves with ati-j.ight lines and with each other, ohaevving that 
the change of cant between a stmight line and a curve ia aiinply 
the cant of the carve ; that if two adjacent curves are curved in 
the same direction, the change is the difierence of cant ; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multi]ily the greatest cliange o/eant by 300; the product will be 
the length of tlie carve of adjutlmfnl. 

Rule II. — Compute, for each circular arc of the aeries, the ahi/l 
as follows: — 

Shift = (length of curve of adjustment)' -;- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards {that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, iu 
tig. 50, let A B, E C be a pair of consecutive circular arcs, marked 



by polea, and joining each other at their point of contact, B. 
B E, B F he the shijts proper to those two ores respectively; ■ 
all the poles have been shifted, they will mark the arcs BE,] 
having a gap between them at E F, equal to the sum of the two 
shiilfi, if the arcs aro curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; bo that where a curve joins a straight 
line, the gap is simply the shift nf the curve. 

Rule III. — Set out the " curve of adjustment " I H K as follows : — 
For its middle point bisect the gap E F in H. For its ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Rule L For intermediate points in the division I H luy off 
ordinates at right angles from a series of points in the circular aro 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
to the cubes of the distances from K. 

I^t a denote the length I K of the curve of adjustment; 
b, the gap E F. or sum of the shifts; 



I 

I Example 
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the distance, measured on the circular arc, of any point 
I'i-oni I or from K, as the case may he; 
the ordinate: then 



ExAMPLTi — A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 



Cant (see p, 130) = 500 feet -^ 1,320 = ■3788 foot; 

Length of c\irFe of adjustment, a ^ '3788 x 300 ^ 113'6 feet; 
L BhUt for circular arc = (113'6)2 - 24 x 1,320 = -407 foot; 
I fAs the arc ia to join a straight line, this is also =; the gap b.) 

■i(l7^ _000,001,lla;». 



"Formula for ordinatea, i 



P BuLE TV. — To connect a circular arc and a sti'aight line, or two 
*fliroular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig. 50 illustrates the case where two arcs 
curved in reverae directions are to be connected; fig. 51, that in 
which two arcs curved, in the same direction are to be connected. 

Find the pair of points at which the area or lines to be con- 
nected are nearest to each other. This is best done byfirat finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let E 
aad F be the pair of points thus 
found; measure the gap E F, then *'*■'■ ^'■ 

calculate the }talf-lengih of the curve of adjustment by means of the 
following formula, in which r and r' denote the radii of the arcs to 
be connected : — 

L EI = rK = A/ {gep*(!±!,)}; 



lihe sign h- or — being u.wd in 
directions of curvature are rev. 
to be connected is straight, 1 - 
formula becomes 



- The curve of adjustment is 



denominutoi-, according as tlie 
ve similar. If one of the lines 
s ^ be made £= 0; so that the 



= s/6 E F ■ r. 


w to be set out 
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Single Line. gSST 

Ft In. 

Clear space ontside of rail, 4 o 

Headofrail, o 2^ 

Gauee, 4 8} 

Heaaofrail, o 2} 

Clear space outside of rail, 4 o 

Least breadth of top of ballast ; and ) 

least width admissible for archways, > 13 I i 

&c. , traversed by the railway, ) 

Spaces for slopes of ballast, and ( f-^-j. - -qI ) 

benches beyond them, on em- < x^ 5 ,^r f 

bankments, 7. ( *« » '°i * 

Total breadth of top of embank- ) from 17 o ) 

ments, ) to 22 o { 



IrUh 


Broad 


Gftogo. 


Gange. 


Ft In. 


Ft In. 


4 


4 


2i 


• 2i 


5 3 


7 


2i 


2i 


4 


4 



13 8 



4 4 



18 o 



15 5 



9 2 



24 7 



Double Line. ^-J w^h ^ 

Ft In. Ft In. Ft In. 

Clear Space outside of rail, 40 40 40 

Headofrail, 02} 02^ o 24 

Oauffe, 4 84 5 3 7 o 

Headofrail, o 24 o 2i o 24 

Middle space (called the "«ia;/ee^,") 60 60 60 

HeadofraU, 02^ 02^ o 24 

Gauge, 4 84 53 70 

Headofrail, o 24 o 24 o 24 

Clear space outside of rail, 40 40 40 

Least breadth of top of ballast ; and ) 

least width admissible for archways, > 24 3 25 4 28 10 

&c., traversed by the railway, ) 

Spaces for slopes of ballast and ( ^^^. - ^ 1 

trenches beyond them, on em- "jx Roi 4*8 92 

bankments, ( ^^ 9 ) 

Total breadth of top of embank- \ from 28 o ) ^_ ^o 

ments, f. | to 33 o{ 30 o 38 o 

Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimum spans 

shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet. 

5. Breadths of Slopes of Earthwork. — Let h denote the Central 

depth of the piece of earthwork, whether catting or embankment; 
bj the half-breadth of its ba«e, or formation; 
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», the rate of slope of the earthwork; that is, s horizonttd to I 

vertical ; 
T, the rate of sidelong slope of the natui-al ground, if any; 

that iH, r horizontal to 1 vertical; 
B, the required breadth of the shipe of the earthwork. 
Case I.— In ground level across, B = « A. 
Case II. — In ground that slopes away from the baae. 



B = 



•('•-D- 



Case IIL — In ground that slopes towards the hase, hut without 
'jntersecting it; 

-^- ('--:> 

Case IT, — In ground that interaocta the haao between the ce 
line and the edge of the earthwork, 



- a \t /' 



Sectios VI. — Rules kelatisg to Meksuhation of Earth 
1. Sccliounl Arena of Eacihwork. — Figs. 52, 53, and 54 repre- 




Fig. 62. 

Knt examplea of crosa-sectiom of pieces of earthwork, in each of 
■which D E ia the baae, A B tlie 
natural snr&ce, and D A and E B 
'jtre the slopes. 

"'ga. 62 and 53 represent cut- --._,i 

; to represent embankments, A.M^'^—r 
conceive them to bo turned upside ""^ ^ '^ 

down. 

Fig. 6i represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q D A, in embankment 

Ihe following are the symbols used in the rules ;— 



• 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 
Slope of the earthwork, b (horizontal) to 1 (vertical). 

Half-breadth of base, D F = F E = 5. 

Central depth, C F = h. 

Area of cross-section, A. 

In many measurements qf earthwork having sections such as 
figs. o2 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = ^ h — =A;. 

To find "k by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surface of 
the ground will be augmented depths. 

BuLE I. — ^When the groimd is level across; 

A = triangle A B K - triangle DEK = «^2 

Or otherwise^ — 

Rule Ia. 

A = rectangle D G H E + 2 triangle ADG==26^ + « W 

Rule II. — ^When the ground has an uniform sidelong slope, not 
Intersecting the base, as in fig. 53, 

A = triangle A B K - triangle D E K =z ^ ^ -T^ . 

Rule III. — To find the augmented depth in ground level across, 
of a cross-section of earthwork equal to a given cross- section in side- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in fig. 53, parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

A;'= ^(KM-KP); 

and the area may be found by Rule I., as follows : — 

A = «A;'2_- = «-KM-KP--. 

8 8 

Rule IY. — ^When the ground has a sidelong slope intersectlDg 
the base at Q, in ^g. 54. Let A' be the larger and A" the smaller 
division of the cross-section. 

A' = triangle Q E B = 1^^; 
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A" = triangle Q D A = 



Volume = 



(i-rt f 
-3 (>■-•)■ 

2. TalimiH or Unaulillea or EHrthworit. — HvLS I. — WLen % 

series of equidistant cross- aectiona ai^ given, see p. 72, Article 5j 
also the nilea there refetTcd to. A, B, C, pages 64 to 66. 

HuLE II. — When the piece of earthwork to be measured is a 
"prismoid," ag shown in page 74, fig. 12, use the rule given in 
that page below the figure. 

The most simple, algebraical expression of that rule, &a applied to 
the preseut case, is aa follows : — The prismoidal piece of earth to 
be measured is to be considered aa farmed by a wedge of a cros«- 
section such as A B K in fig. 53 or fig. 63, from which is taken 
away a wedge of uniform croaa-seetion such aa D E K. 

I^et sc denote the length of the piece of earth; Aj and k^ tho 
values of the augmented deplJt C K at its two ends; then, 

-" \ra_^ \ 4 *■ Vi J- s-f 

The last formula ia specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becumes simply ^ s. 

The quantity in brackets by which the length x ia multiplied ia 
ihe viean Mctiortal area. 

If the meaaurementa are in feet, the preceding rules give 
quantities in cubic feet. To reduce these tli cubic yai'ds divide 
by 3" = 27. 

RTII.B III, — When earthwork on sidelong ground occurs on a 
sharp curve. By the rides of pages 142, 143, calculate the half- 
breadcha (A L, B N, fig. 53) required for the two slopes; take 
their difference, and divide it by three times the radius of Uie curve; 
the quotient is to be added to or subtracted from 1, according aa 
the greater half-breadth lies from or towards the centre of the 
curve. The result will be a factor by which the area A B K in 
fig. 53 — that is, thefirstof the two terms of the formulaiaBulell., 
page 144 — is to be mu!ti]>]ied. From the product subtract the area 
D E K; the remainder will be an area modified for curvatmttj 
then proceed as in Bule I. of this Article, 
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-■RULES AND TABLES RELATING TO DISTRIBUTED 
FOECES AND MECHANICAL CENTRES. 

1. Specittc OwbtUt (as atated at page 102) is the ratio of the 
weight of a given bulk of a, given Eubstancd to the weight of the 
Bfime bulk of pure water at a standard teraperatura In Britain 
the standarJ temperature ia 02° Fahr. ^ 16-67 Cent. In FtbHob 
it ia the temperature of the maximum density of water = 3°'91 
Cent. = 39°-l Fahr. 

In riaiug from 39°'l Fahr. to 62° Fahr., pure water expanda in 
the ratio of 1001118 to 1; but that difference is of no conaequeDce 
in calcuLitionB of specific gravity for engineering purposes. 

Rule I. — To find the specific gravity of a solid body that is 
lieavier than water approximately, by experiment. Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the loss of weight wlien immersed (or bvoj/anei/); 
the quotient will be the specific gravity. 

Rule II.— When the body is lighter than water, weigh it in 
air; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body separately, in air and 
in water. Siibtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
fcuoyancy of the light body separately; by which its weight in air 
is to be divided as before. 

Rule III. — To find approximately the specific graTity of a 
liquid; weigh some convenient solid body in air, iu pure yraimc, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the buoyancy in water; the quotient will b« 
the required specific gravity. 

Rule TV. — To find approximately the specific gravity of a soHd 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, and whose speciOc gravity is knows ; 
divide the weight in air by the buoyancy in that liquid, ud 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from thwr 

not taking account of the buoyancy due to the pressure of the air, 

whether on the body weighed or on the weights ; but for ordinal^ 

I jtmctical pnrpoaea the error so occasioned is immatenal. 
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2. The ncBTincn of any substance (as stated at page 102) ia the, 
weight of an uait of Tolume of it in units of weight. 

In British, measurea heaviness is most conveniently expressed 
lbs. avoirdupois to the euitc foot,- iu Trench measures, in kilo- 
grammes to tiie cubic decimetre. 

Rule T. — Given, the specific gravity of a substance; to find its 
heaviness; multiply by the heftviaesa of water. 

(In British measures 634 lbs. to the cubic foot is near enou 
for practical purposes; in French measures no calculation 
needed, heaviness and specific gravity being identical.) 

3. The Deniiir of a substance is either the number of units of 
maaa in an unit of volume (see page 104), iu which ease it is equal 
to the heaviness, — or the ratio of the mass of & given volume of 
the substance to the mass of an equal volume of water, in which 
case it is equal to the specific gravity. 

In its application to gasea the term "Density" is often nsed to 
denote the ratio of the heaviness of a given gas to that of air, ab 
the aanie temperature and pressure. 

4. The Buikinea* of a substance is the uumher of units of voIum» 
wliich an unit of weight fills; and is the recijiroeai of the lieavinest, 
(See Table of Reciprocals, page 11.) 

In British measures bulkiiiess is most conveniently expressed ia 
cubic/eei to the lb. avoirdupois ; in French measures, In cubic deei- 
jn^rea to the kilogramme. 

Bulk VL — Given, the specific gravity of & substance; to find 
its bulkiness; divide the bulkinesa of pure water by the specific 
gravity of the given substance. 

(In British measures 0*01G02 cubic foot of pure water to the lb. 
s near enough for practical purposes; in French mtiasures the 
■ bulkineBS of pure water is 1.) 

T^ 5. BiTcci mt um on BaikinoH.— Hise of temperature produces 
uvith certain exceptions) increase of bulkiness. 

Rule YII. (For perfect gasea),— Given, the bulkiness of a 
Krfect gas at the temperature of melting ice; to find its bulkinesa 
iiDder the same pressure at any other temijerature; multiply by 
4he given temperature, as reckoned from the absolute xero (see page 
■105), and divide by the absolute temperature of meltiug ice (.'" '" 
Tent = 493°-2 Fahr.) 

Rule Till. (Approximate nile for water). — Divide the given. 

.emperature by 50U° Fahr. or STB" Cent; divide 500° Fahr. oe 

BTS" Cent by the gwen absolute temperature; multiply the half- 

Hiin of the quotients by the least bulkinesa of water (0'01603cubie 

'Kit to the lb, or 1 cubic decimetre to the kilogramme); the product 

'ill be the required bulkiness nearly enough for practical purposes. 

EXAHPLE.^ — Given, temperature on common scale, 312" Fahr. j 

fihat is. 212° + iS^'S = 6T3"2 Fuhr., abaolviLte. 
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increased (the exact ratio is 1-04775, so that the error ia a 

400 J' 

0-01C02 X 1-045 = 0-01075 cubic foot to the lb.; bulkiaeBB J 
required, nearly 

- _ ■ = 53'7 lbs. to the cubic foot; con-esiwnding heavinq 

The following are the rates of expansion in bult, in rising £| 
the freezing point (0° Cent, or 32° Fahr.) to the boiling point (Ifl 
Cent, or 21'2'' Fahr.) of some materials; — 

Perfect gaaea, o'S^S 

Air at ordinary pressures, 0-366 

Pure water, o'04775 

Sea-water, ordioary, 0*05 

Spirit of wine, Diria 

Mercoiy, 0-018153 

OU, linseed and olive, 0-08 

Enisa, 0-0065 

Bronze, 0-0054 

Copper, 0-0055 

Cast ii-on, 0-0033 

Wrought iron and steel, 0-0036 

Lead, 0-0057 

Tin, 0-0066 

Zinc 00053 

Brick, common, o-oio6 

„ fire, o-ooiS 

Cement, 0-0042 

Glass (ayei-age), 0-0027 

Slate, 0-0031 



bultinf 



-Givt 



sofa perfe:;t gas at a given temperature and under the 
pressure of one atmosphere; to find the bulkineaa at 
the same temperature under any other pressure; divide by tlie 
absolute pressure in atmospheres (see page 115). 

7. Eipianniian of iiie fabiu.— Table I. is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, anil 
of specific gravity iiir liquids and solids. Table II. gives 
Jieuvjuess of earth in lbs. to the cubic foot and to the 
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Table III. gives the heaviness of various kinds of rock in lbs. to 
the cubic foot, and to the cubic yard ; and the bulkiness in cubic 
feet to the ton. Table IV. gives, for various metals, the weights of 
a cubic inch (column A) ; of a bar a»foot long and an inch square 

! column C); of a round rod a foot long and an inch diameter 
column B) ; of a plate a foot square and an inch thick (column D) ; 
of a cubic foot (column E) ; and of a sphere one inch in diameter 
(column F). To find the weight of one foot of a round rod of 
a diameter given in inches ; multiply the number in column B by 
the square of the diameter. For the weight of a foot of a cylin- 
drical tube, multiply the number in column B by the difference of 
the squares of the outside and inside diameters. For the weight 
of a solid sphere, multiply the number in column F by the cube of 
the diameter. For the weight of a hollow sphere, multiply the 
same number by the difference of the cubes of the outside and 
inside diameters. 



L — General Table op Heaviness and Specific Gravity. 

Weight of a cnbio 
foot in 

Gases, at 32° Fahr., and under one atmosphere: ^^ avoirdupoia. 

Air, 0*080728 

Carbonic acid, 0*12344 

Hydrogen, 0*005592 

Oxygen, 0*089256 

Nitrogen, 0078596 

Steam (idfgal), 0*05022 

jEther vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2137 

Olefisuitgas, 0-0795 

Liquids at 32** Fahr. (except Water, ''^®*«?l;' * ''''^^^ ®Pt?£° 

1- • 1 • ^ 1 j^ ^ *^T% 1 \ *^* *^ gravity, 

which IS taken at 39''*l Fahr.) : Iha. ayoirdupois. pore Water = L 

Water, pure, at 39°*!,. 62*425 i*ooo 

„ sea, ordinary, 64*05 1*026 

Alcohol, pure, 49*38 0*791 

„ proof spirit, 57'i8 0*916 

jSRiheTy 44*70 0*716 

Mercury, 84875 i3*59<5 

Naphtha, 52*94 0*848 

Oil, linseed, 58*68 0*940 

h olive, 57*12 0*915 

„ whale, 57*62 0*923 

9, of turpentine, • 54*3i Q'8\<^ 

Ptta^eum,.... 5V^i ci'^^^ 
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Weight of a caUo Specifle 

foot in gravily, 

lbs. ayoirdnpois. puie water = L 

SouD Mineral Substances, non-metallic : 

Basalt, 187*3 3*00 

Brick, 125 to 135 2 to 2-167 

Brickwork, 112 i*8 

Chalk, 117 to 174 1-87 to 2-78 

Clay, 120 1*92 

Coal, anthracite, 100 i'6o2 

„ bituminous, 77*4 to 89*9 1*24 to 1*44 

Coke, 62-43 ^ 103*6 I'oo to 1-66 

Felspar, 162*3 2-6 

Flint, 164*2 2-63 

Glass, crown, average, 156 2*5 

„ flint, „ 187 3*0 

„ green, „ 169 2*7 

„ plate, „ 169 2*7 

Granite, 164 to 172 2-63 to 2*76 

Gypsum,., 143*6 2-3 

Limestone (including marble), 169 to 175 2-7 to 2*8 

„ magnesian, 178 2-86 

Marl, 100 to 119 1-6 to 1-9 

Masonry, 116 to 144 1*85 to 2*3 

Mortar, 109 1-75 

Mud, 102 1*63 

Quartz, 165 2-65 

Sand ^damp), 118 1*9 

„ (dry), 88*6 1-42 

Sandstone, average, 144 2-3 

„ various kinds, 130 to 157 2-08 to 2-52 

Shale, 162 2-6 

Slate, 175 to 181 2-8 to 2*9 

Trap, 170 2-72 

Metals, solid : 

Brass, cast, 487 to 524-4 7-8 to 8-4 

» wire, 533 8-54 

Bronze, 524 8-4 

Copper, cast, 537 8-6 

„ sheet, 549 8-8 

„ hammered, 556 8-9 

Gold, 1 186 to 1224 19 to 19-6 

Iron^ cast, various, 434 to 456 6*95 to 7*3 

„ average, 444 7-11 

Iron, trroiighi^ yarious, 474 to 487 7-6 to 7*8 



CkalS) solid, — eonlinued. 

Iron, wrought, average, 480 769 

Lead, 712 11*4 

Platinum, 1311 to 1373 sr to 22 

Silver, 655 lo-g 

BteeJ, 487 to 493 7*8 to 7-9 

Tin, 456 to 468 7'3tiJ7-5 

Zinc, 424 to 449 6'8 to 7-3 



-Ash, 47 07S3 

Bamboo, 25 o'4 

Beech, 43 0-69 

Birch, 444 0711 

Blae-Oum, 52-5 0-843 

Box, 60 0-96 

Bnllet-treo, 65-3 1-046 

Cabacalli, 56-3 0-9 

Ceda,r of Lebanon, 30-4 0*486 

Chestnut, 33'4 0-533 

Cowrie, 36'a 0-579 

Ebony, "West Indian, 74-3 

Mm, 34 

Fir: Eed Pine, go to 44 

„ Spruce, 30 to 44 

„ American Yellow Pine,,, 29 

„ Larch, 31 to 33 

Greenbeart, 62-5 

Hawthorn, 57 

Hazel, 54 

Holly, 47 

Hornbeam, 47 

Laburnum, 57 

Xmncewoocl, 43 to 63 

Larch. See "Fir." 

Lignum -Vitte, 41 to 83 

Locust, 44 

Mahogany, Honduras, 35 

„ Spanish, 53 

Haple, 49 

Mora, 57 



" The Timber ia every ci 
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Timber, — continued. 

Oak, European, 

„ American, Bed,. 

Poon, 

Saul, 

Sycamore, 

Teak, Indian, 

„ African, 

Tonka, 

Water-Gum, 

WiUbw, 

Yew, 



Weight of a oaUo 


Speciilo 


foot in 


gravity. 


lbs. avoirdapoii. 


paiB water =1. 


43 to 62 


0-69 to 0'99 


54 


0-87 


36 


0-58 


60 


0-96 


37 


0-59 


41 to 55 


0-66 to 0-88 


61 


098 


62 to 66 


0*99 to I '06 


625 


I •cor 


25 


0-4 


50 


0-8 



II. — ^Heaviness op Eabth. 

Gnbic Foot Cubic Yard. 

Chalk, from 117 to 174 lbs. from 3160 to 4730 lbs. 



Clay, 

Giuvel and Shingle,.... 

Marl, 

Mud, 

Sand, dry, 

„ damp,. 

Shale, 



» 






120 to 135 

90 to IXC 

100 to 119 
102 

89 

118 

162 



}9 



)> 



3240 to 3645 


» 


2430 to 2970 


») 


2700 to 3210 


» 


2750 


it 


2400 


J9 


3190 


» 



4370 



III. — Heaviness and Bulkiness op Bock. 



Lbs. in one 
Cubic Foot 

Basalt, 187 

Chalk, 117 to 174 

Felspar, , 162 

IFlint, 164 

Granite, 164 to 172 

Limestone, 169 to 175 

„ magnesian, 178 

Quartz, 165 

Sandstone, average, . . n 144 
„ different ) j. ^^ 

kiids, } ^30 to 157 

Shale, 162 

Slate (Clay), 175 to 181 

Trap, , 170 



•• 



Lbs. in one 
Cubic Yard. 

5060 
3160 to 4730 ... 

4370 
4430 

4430 to 4640 ... 
4560 to 4720 ... 

4810 

4450 

3890 

3510 to 4240 ... 

4370 

4720 to 4890 ... 

4590 



• •• 



Cubic Feet 
to a Ton. 

12 

i9'i to 12*9 

138 

136 

13-6 to 13 

13-2 to I2'S 
12-6 

13-6 
15*^ 

17*2 to 14*3 

13-8 

12*8 to I2'4 

13-a 



Copper, sheet, 

„ hammered, 
Iron, coat, average. 
Iron, wrought, average, o' 
I^ead, 
Bteel, 



n&AVlXESS — CESTHE OF GRAVITY. 



IV. — CcBE3, RjDs, Plates, Bars, and Spheres, 



3-8 1 



44*4 

437 
4575 
463 



ZiD< 



Average, . 



3 33 

4"94 
3"40 



8 3°3 

>f WelshL- 



43^ 

-The 



■RtTLE I. — The epDtro 
)B centre of magnitude. 



■ of gravity of a body of lu 
(See pages ai to Sd) 

Rui.E II. — To find the moment of a body's weight relatively to 
npyeji p/ane 0/ moments i multiidy the weight by the perpendicular 
distance of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
"weights which lie some at one side and some at the other side of a 
xdane of moments, those momeota are to be distinguished into 
^sitive and negative, according to the sides of the plaue at which 
the weights lie. 

Bulk III. — To find the common centre of gravity of a set of 
idetached bodies; find their several moments relatively to a con- 
venient fixed plane; find the resultani of those momenta by adding 
.together, separately, the positive and negative moments, and 
taking the difference betweeu the two sums, which will he positive 
or negative according aa the positive or negative sum is the greater. 
IKvide that resultant moment by the total weight; the quotient 
will be the perpendicular distance of the common centre of gi-avity 
, from the fixed plane ; and its positive or negative sign will show at 
' which side of the plane that centre lies. If necessary, repeat the 
L' same process for a second and a third fixed plane, so as to deter- 
e the position of the required centre completely. The two or 
e planes (aa the Ciise may be) are usually taken perpendicular 
ion other. 
KoLE IV. — To find the centre of gravity of e. Vwij wmssi.'ft'wsi^'S. 
» of vneqaal heaviness; find separateXy ttifc cevAtca tS. 'Casm* 
i and treat them as detached 'weigbta b^ ^vii« W\. 
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ElBTKIBUTED FOIlCCa 

I or Xnetlfa nnd Ilaillaa of Grntlan. — HuLB I. 

ficd tho moment of inertia of a body about a given i 
the body divided into an indefinite number of amall parts; multiply 
the mass (or weight) of each part by the square of ite perpendicolar 
distance from the axis; the limit towards 'whicli the sum of all 
the products appro\imatea as the parts become smaller and more 
numerous will be the required moment of inertia. 

Rule II. — Given, the moment of inertia of a body about an asia 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first ; multiply 
the maaa (or weight) of the body by the square of the perpendicular 
distance between the two asos, and to the product add the given 
moment of inertia. 

Rule III. — Given, the separate moments of inertia of a. flet 
of bodies about parallel axes traversing their several centres of 
gravity; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpeudionlar 
distance of ita centre of gravity from the common axis; add 
together all the prodncta^ and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

Rule IV.— To find the square of the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

Role V. — Given, the square of the radius of gyration of a body 
about an axis ti'aversing its centre of gravity in a given direction; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axes. 



10.— Table c 
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' OrHATION. 



BODI. 


Aiii. 


,u.™. 




Diameter 
Polar axis 
Axiii,2a 
Diameter 
Diamotor 


6 

2t' 
T 

6 

2(r' — r") 
5(r- — 7") 

2r> 

"3 


II. Spheroid of revolution— polar eemi- 


nr. EEipaoid— nami-nxea >i, 6, c, 

17. Spherical Bhell— extomal radiua r, 


V. Spherical shell, inseiunbly thin— ra- 





KABIUS OF OYBATION — CEKTRE OF PERCUSSION. 



VI Circular cylinder — length 2a, radinB r, 
VII. Elliptic cylinder— length 2a, trana- 

V 11 1. Hollow circular cylinder — length "n, 
external cadius r, internal r' 

IX, Hollow circnlar cylinder, insensibly 
thin — length 2a, radius r, thickneaa 

X. Circular cylinder — length 2a, radius 

XI. Elliptic cylinder — length 2a, trana- 

Xn. Hollow circular cylinder— length 2a, 
EXtCfual radJuH j-, internal f, 

XIIL HoUow circnlar cylinder, inseuBibly 
tbin — radius r, tiicknesa dr, 

XTV. Eoctnngular priam — dimensiona 2a, 

XV. Rhombic prism — length 2a, diagonals 
2b, 2c, 

XVL Rhombic pi^sm, as above, 



Longitudinal 
axis, 2a 

Longitudinal 
Lon^tudinal 



11. Ccnire af PcrcBnIon— EqniTnlcii 

, — To ficd the centre of pereussioa of 
given hotly turning about a given 

OB. 

In fig. 55, let X X be the given 
ds, and G the centre of gravity of 
IS body. From Q let fall G C perpen- 
BulartoXX. Tbroiigh G draw G- D 
inillel to X X, and equal to the 
tdius of gyration of the body about 
ke axis G D. J oin CD. T hen will 
I E = D = VGD* + CG« = tho 
of gynitioB of the body about 
From D draw D B perpen- 
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diciilar to C D, cutting C G prodiiced in B. Then will B be the 
centre of percusBioo of the body for the axis X X. 

To find B by calculation; make G B = r< r<- 

C la the centre of percussion for an axis traversing B parallel 
to XX. 

KuLE II, — To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
X Xj divide the mass of the body into two parta inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at C and B respectively, and rigidly connected 
together. 

(Let W be the whole maaa, and C and B the two parts; then 
„ W-GE „ W-GC\ 
^ = "CBT = ^ = ~CB^J 

(The "equivalent simple pendulum" has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an ajoB in 
the given direction X X, travei-sing either C or B.\ 

13. Eqalraleni Ring, sr Eqnivaleni Klr-whecl. — wLen the given 

axis tiaverses the centre of gravity, G, there is no centre of peay 
cuBsion. The moment of the body's weight is nothing, and its 
moment of inertia is the aame as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body^ 
That ring may be called the "equivalent ring," or "equivalent 
fiy-wheel." 

13. The Cenire of Pronurp in a plane surface is the point 
traversed by the resultant of a pressure that is exerted at that 
surface. 

KtiLE. — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surface 
proportional to the intensity of the pressure (page 103); the point 
in ttie pressed aurfuce at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre ot 
pressure. 

The following are particular cases: — 

I. Dnirarn prennre.^'WIien the intensity is uniform, the centre 
of pressure is at the eenlre o/ magnitude of the pressed aiu'face. (See 
page 83.) 

II. (jBirarmir TarrinB Preunre.— When the intensity of the 
pressure varies simply as the perpendicular distance from a gjven 
axis, the centre of pressure is at the centre of jiercuseion of the 
pressed surface, relatively to that axis (see page 1S5); the sue&£« 

a tliin plate of uniform thickness U^M 



CENTEE OF PRESaUKE — CENTRE a 



EiAiEPLEs OP Centres of UNiroRMLY-VARTiKG Peessure. 

In each of the following examples the greatest pei'pendictilar 
diatance of aoy point of the preaaed surface from the axis is denoted 
by h; and that of the centre of presaiu'e from the axia by k. 



Parallelogram, , 

Triangle, 

Triangle, 

Semicircle or semi -ellipse 

Circle or ellipse, 

Hollow rectangle,— 

outer dimensiDna. fixft,, 

inner liimenaiooB, b' x A', 
Hollow sqaata, i' — A'', 
Hollow ellipse, — 

outer dimenaions, hxh,. 

inner dimensione, b' x A' 
Hollow circle, — 

outer diameter, h, 



I Through an angle, ] 
; and parallel to the | 
[ oppoeite edge. ] 



14. The Centre mt Biia;iincr of a. soIid wholly Of partly immersed 
in a liquid ia the centre of giuvity of the mass of liquid displaced. 
The reault^nt pressure of the liquid on the solid ia equal to the 
■weight of liquid displaced, and 13 exerted Tertically wpwards 
through the centre of buoyancy. 




EULES RELATING TO THE BALAJTCE AJSD STABILITY 

OF STE.UCTUKES. 

Sectiok I. — CowposiTios and Eesolotios op Forces, 

1. TLe Rcaiiltiinl or n DiMribuled Force.— HuLE I. — To find the 
resultant of a liiidj's weight ; find the centre of gravity of the boiij 
(as in page 153) ; the resultant will be a single force equal ta 
the weight, acting vertically downwards through the centre of 
gravity. 

HuLE II.— To find the resultant of a preesare; find the centre of 
pressure (as in page 156); the resultant will be a single force equal 
in amount to the pressure, and acting in the same direction and 
through the centre of pressure. (The amoiinl of the pressure is 
equiil to the area of the pressed surface, multiplied by the mM» 
itilensilT/ of the pressure, and ia also equal to the weight of ths 
imaginary prismatic solid mentioned in page ISG, Article 13.) Tbe 
mean intensity of an uni/onidy varying pressure is its intensity »t 
the centre o/viagnitude of the pressed surface. (See page 49.) 

2. Beanllaat ef Forces ncilug ifarsDBh one PBlnt. — BlILB III. — 

If the forces act along one line, all in the same direction, Uieir 
resultant is equal to their sum; if some act in one direction and 
some in the contrary direction, the resultant is their algebraical «w»; 
that 13 to say, add together separately the forces which act in tha 
two contrary directions respectively; the difference of tbe two 
vill be the amount of the resultant, and its direction will he 
vith that of the forces whose sum is the greater, 

X Rule IV. — If the foi'ces act along 

two lines, O X, O Y (fig. 5C), lay off 
O A and O B along those lines, to 
represent the magnitudes of tli« 
given forces; through A draw AC 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
A C in C; join O C; the diagonal 
O C will represent the resultant 
rM]uii'ed, in direction and ma^for^ 
tudfl. 
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COMPOSITION AND RESOLUTION OP POBCES. 1 

Formula for finding the msgnitude of C by calcuktion : 
C = W j A^ + B2 + 2 A ■ E coa A B. l 
I ^ormulfQ for finding the direction of C by calcuktion : 






I sin A C = mn A O B - ;^>, : sin B O = sin A O B ■ 



Bulb V. — Giyen, the directions of three forces whitli balance 
each other, acting in one plane and througli one point; construct a. 
triangle whose sides make the same angles with each other that 
the directions of the forces do; the proportions of the forces to each 
other will he the same with those of the corresponding sides of 
that triangle. 

To soli'e the same question by calculation ; let A, E, C, stand 
for the magnitudes of the three forces; A B, B C, G A, for 
angles between their directions; then 



r 



a B C : sin C A : sin A B : : A : B : C. 



"Elach of those throe forcea is equal and opposite to the i-esultnii 
of the other two. 

Role VL— To find the resultant of any number (Fj, F^, F, 
ita, fig. 57) of forces in different direc- 
tions, acting through one point, O. 
Commence at the point of application, 
and construct a chain of Hues repre- 
senting ttie forces in magnitude, and 
jiarallel to them in direction, (0 A = 
and II Fi, A E = and || F^, E C = and :- 

II Fj, A-c) Let D be the end of that "'^ "'■ 

chain; join O D, this will represent the required resultant; and 
a, force (F^) equal and opposite to D wOl balance the given 

{This rule is applicable whether the forces act in one plane or in 
different planes.) 

3. Bciolulon Df n Force Inio Inclined CatnpDncnu.— A aiogle 

force mav be resolved into two inclined compononta in the same 

plane acting through the same point, or into three inclined com- 

inents acting through the same point but not in the same plane. 

ItULE VII. Tioo Components. — In tig 5G, page 158, let C be the 

force, and X and T the directions of the required com- 

ita. Through C draw C A i«i-allel to O T, cutting X in 

and C B parallel to O X, cutting Y in B; O A and O B 

be the required coinpoocuts ; and two forces vea^ieeuvel^ 



IGO TS\hiSCE XHD STABILITT OF &TRUCTUBE& ^^^^^^H 

equal to and directly opposed to these will balance C. For the 
proportionate magnitodeB of the components, see Article 2 of tbu 
eection, Rule V., page 15i). 

KuLE VIII, Two Rectangular CompimerUs. — When the directions 
of the required components ai« perpen- 
dicular to each other, lot It denote the 
resultant, or foix« to be reaolvedj Xand 
Y the required compooeuta, « and /3 iJia 
angles which they make respectively wifli 
E. Tiit^n 




y3= 90°; X= Kc( 



Xs-t 



. Kain 



= Rsi 



Fig, 58. 
■which it ia required to ri 



Observe that cosines of obtuse angles an 
negative. (See page 53, line 2.) 

Bulb IX Three Components, — In fi|. 
58, let OH represent the given, force 
isolve into tbree component forces, acting 
in the lines OX, O Y, O Z, which cut H in one point 0. 

Through H draw three planes parallel respectively to the planea 
Y Z, Z O X, X y, aiidcutting respectively X in A, O Y in 
E, Z in C. Then will O A, OB, C, repreaont the component 
forces required. 

Rule X. Three HedanguJar Components. — When the direetiooa 
of the three required components are perpendicular to each other, 
let R denote the resultant, or foi'ce to be resolved, X, Y, Z, the 
required components, and «, p, •/, the angles which they i«spec- 
tively make with E. Then 

cos 2« + cos H + cos V = Ij X = R cos «; 
Y = R cos 5; Z = R cos y; X^ + Y2 + Z^ = R^. 
Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. BCBnltnni of enr Nnmbrr of Inclined Fsrcea Acting ihnngh 

one PainL — To solve the same question by calculation that ia 
solved in Rule VI. by conatruction. 

Rule XL ("When the forces act in one plane.) — Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take tha 
resultants of those components along the two axes separately 
(1 X, S Y) J these will be the reclangvlar componenit o/tlie resuUcmt 
B o/all tiie/orcea; that ia to say. 



-y' [r-xf*pYf}: 



e tlie angle whicli E, makes with X, 
SX . 2 Y 



R • 



K ■ 



Rule XII. (When tho forces act in different planes). — Assuma • 
any three directions at right angles to each other aa axes; resolve ' 
each force into three components (X, Y, Z) along thoae axes; take * 
the reanltanta of the components along the three axes separately i 
(2 X, 2 Y, 2 Z); these will be the rectangula/r components of tha 
Tes'tllant ofall the/orcea; and its magnitude and direction will be 
given by tho following equations : — 

E=^{{SX)^ + (2T)>< + {2Zf}. 



K ' 



E, ' 



li- 



5. Conpicju— In fig. 59, let F, F, represent a couple of equal, i 
parallel, and opposite forces, applied to a rigid body, and not acting I 
in the same line; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the arm, span, or leverage; and the 
product force x leTerage = F L, is the 
elalical moTnent of the couple, which is 
right or left-handed according as the 
couple tends to turn the rigid body, as 
Been, by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Ai-ticle 7.) Couples o! 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

Eom; XIII. — To find the resultant moment of any number of I 
couples acting on a rigid body in the same 
"iplanea. Take the Hiuns of the righthai 
loments separately; the difference betwee. 

&e resultant moment, which will be right-handed or left-handed i 

cording to the direction of the moments whose sum is the < 

_ eater. i 

Rule XIV, — To represent the moment of a couple by a single 

Rin& Upon any line perpendicular to the plane of the couple, set 

T a length proportional to the moment (O M, fig. 59), in such a 

iiirection that to a spectator looking from. towards M, tlio couple 

l-Bliall seem right-handed. The line M is called the axis of the 

Bouple, 

Couplea as represented by their axes are compounded and J 
Fxesolved like single forces, by Rules I. to XIL of thi& fe^Sisa.- 



Flg. 69. 



a plane, or in parallel 
ded and left-handed 
I those sums will be 




AND ETABILITT OF STEfCTUHES. ^B 

HuLE XV. — To find the resultant of a single force, F, applied 

to a rigid body at 0, and a couple, M, acting on the same body in 

the eame or in a parallel plane. 

Conceive the force, F, to be 

shifted in that plane, parallel 

to itself, to the left if the couple 

ia right-handed, to the right 

if the couple is left-handed, 

through a distance, O A, found 

by dividing M by F. The 

ehifCed single force, F acting 

through A, wiU be the resultant 

required. 

(The combination of a single force with a. couple acting in a plane 

perpendicular to the line of action of the force cannot be further 

simplified.) 

Rule XVI. — To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In fig. 60, let F be the 
given force acting in the line E D, and B a given point not in E D. 
Through B conceive a pair of equal and contra^ 
forces to act in a line parallel to E Dj viz., + F 
equal to F and in the same direction; and — P 
equal to F and in the contrary direction; also, 
let fall B A perpendicular to E D. Then the 
original foix^e F acting through A, is resolved 
int^ the equal and parallel force F acting 
through E, and the couple of forces F and — F, 
with the arm A B and moment F x A B ; which 
couple is right or left-handed according as B Ues 
to the right or left of F, rektively to a spectator 
looking in the direction towards which F acts. 

F X A B ia called (Aa moment of tlie font F 
rdalivdy to the point B; or relatively to the 
axU O X traversing B in a direction perpen- 
dicular to the plane of F and AB; or relatively to a plaJU 
traversing B perpendic\darly to A B, 

6. Parallel Forcu.— KuLB XYII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the componeuta. It ia their sum or difference according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find its 
line of action by construction, proceed as follows: — Fig. 63 repre- 
eentiug the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A B 
and B E he the components. Join A E and E D, cutting 
other in F. In B 1) (produced in fig. 63), take B G = D, 




Fig. Gl. 
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PARALtEL FORCES. 



Through G di-aw a line parallel to the componenta; tbis will bo 
tlie line of action of the resultant To find ita magnitude by con- 




Fig, 02 



slmction: parallel to AE, draw B C and D H, cutting the line 
of action of the resultant in C and H; OH will represent the 
resaltant required ; and a force equal and opposite to C H will 
balance A D and E E. 



BG 



AD DB 



lDG 



BE^DJ 

'' CH ■ 



CH 

'RVLB XVIII. — When the two given parallel forces are opposite 
and equal, they form a couple, and have no single resultant. 

Edle XIX.— To find the relative pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Acroaa the three 
lines of action, in any convenient position, 
draw a straight line A C B, fig. 64, and 
measure the distances between the points 
■where it cuts the lines of action. Then 
each force will be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force C is contrary to that of the other two 
forces, A and B 

In symbols, let A, B, and C, be the foi-oea; then, 

■ A + B + C -0; AB:BC;CA:;C;A:a 




Fig. 64. 
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K-ich of the three forces is equal and opposite to the resultant of 
the otlier two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two psralkl components, acting in given lines in 
the same plane. 

Rule XX — To find the relative proportions of four parallel 
forces which balance each other, not acting 
A in one plane; their lines of action being 

given. Conceive a plane to cross the lines M 
action in any convenieiit position; ajid in 
fig. 66 or fig. C6, let A, B, C, D, represent 
the points where the four lines of action out 
the plane. Draw the six straight lines 
joining those four pointa by pairs. Then 
the force whwA acts throngh each point will 
be proportional to the area of the triitnglB 
Fig. G5. formed by the other three pointa. 

In fig. 65, the directions of the forces at 
A, B, and C, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 
those at B and C ia the contrary direction. 
In symbols, 

A-|-B + C+D = 0; 

BCD:CDA:DAB-.ABO 

Fig.c" :: A : B : C : D. 

Each of the four forces is equal and opposite to the resultant of the 
other three; and each set of three forces are equal and oppositn to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 
Rule XXI. — To find the resultant of any number of parallel 

Case I. — When the parallel forces act all in one direction, ths 
magnitude of their resultant is their sum. Consider the paralld 
forces as detached weights, and find the position of the commoa 
centre of gravity of those weights by Part IV., Article 9, Rule IIL, 
(page 153); the line of action of the resultant wiO pass throngi 
that centre. 

Case II. — When the jjaraHel forces act in two contrary direc- 
tions. Find separately, as in Case I., the magnitudes and lines of 
action of the resBltants of the forces which act in the two contrary 
directions reapeetively; if those two resultants are unequal, find 
the final resultant by Rule XVII. ; if they are equal, they form 
ft couple, and have no single force as a resultant. 



Section II, — Feames, Chains, ahd Linear IIibs. 

, 1. Trlangnlur and PoIrBonBl VraniH. — A Irame COnSlSta of bars 

mnccted together at tJieir ends by joints which offer no sensible 

Bistance to the turning of one bar into a different angular 

poaition relatively to the next, the resistance to such turning 

being giTeu by the fixing of the farther eada of the bars alone. 

The point in a given joint about ■which audi turning would take 

jilace is called the centre of resistarux of the joint; the straight 

ning the centres of reaistacce at the ends of a bar is called 

e line of resistance of that bar. A bar is called a strut, or a tie, 

i thrust or a pull is exerted! along its line of resist- 

A. figure showing the centres of resistance and lines of 

ee alone may be called the skeleton diagram, of a frame. 

El joint is spokea of as a point, its centre of resistance is 

; when a bar is spokcH' of as a line, it^ line of resistance 

[When the balance and stability of a frame alone are in question, 
S not its strength, the load may be treated as if concentrated at 
i centre of resistance; and if not actually so concentrated, tlie 
jUowing rule is to be nsed : — 

I; ScLE I. — Given, the actual load distributed owr a frame, whether 
g from external forces or from, its own weight, and the diatri- 
nitioD of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part JY., find the resultant of the load on each 
bar; then, by Eule XIX. of the preceding section (page 163), 
jresolve each such resultant into two parallel components acting 
rough the centres of resistance at the ends of that bar; then 
e the resultants of those components for eaeh joint aepai"ately; 
. e resultants will form the equivalent load required, 
Bci>E IL — Given, the load on a frame, and the line or lines of 
Satance of its supports; to find the supporting force or forces, 
[Diaence by finding the I'csultitnt of the whole load by the rules 
ttiie preceding section, and of Part TV. 

r Case I. — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load; and the supporting force must be equal and opposite to that 
resultant. 

I. Case TX — When there are two supports, their lines of resistance 
net be in the same plane with the line of action of the resultant 
I, and must either be parallel to it, or, if inclined, cut it in one 
%, If parallel, use Knle XIX. (page 163), or, if inclined, use 
B VII. (page 150) of the preceding section to resolve the re- 
t^tant load into two components acting along ttie'iiaea n^ Yea\^^^iRa 
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of the aopports; the two supporting forces will be equal and 
opposite to those compoDeuts. 

Case III. — -When tiiere a,re three supports, their lines of resist- 
ance must ba either parallel to the liae of action of the resultant 
load, or must cut it in one point If parallel, use Bule XX. (page 
164), or, if inclined, use Eule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three supporting 
forces will be equal and opposite to those coinponeuta. 

Behabe. — In all the following rules, those components of a 
distributed load which, as found by Kiile I., rest directly on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined exclusive of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — To diBtinguiah struts from ties. In fig. 67, let A C 



and B C be the lines of 




Fig. G7. 
if between C A and B C produced, 



of two bars of a frame meeting 
at the joint C Produce those lines 
beyond C, as shown b j D, C E; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pn>- 
duced and B C produced, as at 1, 
both bars are tiej; if between A C 
produced and C B, as at 3, A C is a 
tie and B C a strut; if between C A 
and CB, as at 3, both bars are stmts; 
at 4, A C is a strut and 3C 



Eekakk as to stability and instability. — A tie is stable, even 
although one or both ends are moveable. A strut is unEtable, 
unless both ends are fised. A frame composed altogether of tiei 
is stable even although flesihle. A frame containing struts must 
be stiffened, so as to fix their positions. 



■<X 




Fig. 68. Fig. 69, Fig. 70. 

RutB IV. — Given, in a Inangidar Jrame, loaded and supported 
vertically, the skeleton diagratn (fig, 68), to find the relative pro- 



portions of tlie forces aotmg in the frame. Let A, B, C, be tlie I 
three bara, 1, 2, 3, the three joints. Construct the diagram of 1 

9, fig. 69, as follows ; — From any point, O, draw 
O A, O B, O 0, parallel to the lines of resistance 
iA, B, 0, respeotiyely ; then across those three lines 

' the vertical line ABC. Then the reqimed 
proportions are as follows : — 
^^ LtMd BnpportiDB „_.^, .. „_ 



1 : 3 
:C A : AI 



:BC :0 A :0I 



:0C; 



■nd from these proportions, if any one of the sis 
fitrces is given, the other five may be found. 

From 0, perpendicular to A B C, draw H. 
This will represent the horizontal atresa of the frame, which is the ' 
Hune in each bar. To find this and the other forces by caloulation I 
ttora the load C A, let a, b, c, be the angles of slope of the three 
'lines of resistance; then 

OH.— 5A_-- 

tan c =t tan a 
A B = H -{tan a =p tan 6); B C = O H ■ (tan 6 =!= tan c). 
Thp niim / + 1 i^ *" ^ "sed when the two 1 opposite directions 
^ ( — j inclinations are in J the same direction. 



O A = OH- 



; 01 



= 01 



■sec6: C = OH-secc. 



EuLE Y. — Given, in a polygonal frame, loaded and supported 
itertically, the skeleton diagram, fig. 70, to find the relative pro- 
jortions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, 4, 5, 
iiO joints, of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
t the diagram offortee, fig. 71, as foUonrs: — From any point, 
), draw radiating lines, A, B, O C, Ac, parallel respectively to 
tiie lines of resistance A, B, C, Ac., in fig. 70. Then draw a 
'vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, A:c, will represent 
tiie parts of the load which must rest on the several loaded joints 
In order that the frame may be balanced. For example, BO 
71 represents the part of the load to be applied at the joint 2 in 
" f. 70, where the bars B and C meet. Also, the ]>arta D E 
A into which A D is divided by the line A E, parallel to 
bar E, which connects the points of support, i and 5, in fig. 70, 
iepresent the supporting forces at those points respectively. The 
(engtha of the radiating lines O A, &c., represent the stresses . 
e lines of resistance to which they are respectively ^exBllfiL 
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fFrom O let fall on A D tte perpendicular H. 
rejiresent the Imrisontal stress of the frame. 
Eeharks. — By omitting from the skeleton diagram, fig. 70, ttA 
bar E, which connects the points of support, the frame becomes an 
open frwim, in which case the supporting forces bocorao ideutieal 
■with the stresses along the outer bars, A and D, and are repre- 
sented by D and A in fig. 71. The obliquity of those forces 
renders abutm&Us necessary at 4 and 5, and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were Btruta 
become ties, and the &ame is stable, although flexible. 

EuLB VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, fig. 70; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
parts, A B, B C, ifec, to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends al 
that line draw A O and D parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, C, &c., from to the points of division of 
A D; these will be parallel to the lines of resistance whose 
inclinations are required. 

Rule VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
sum of the tangents of those iuclinations, if they are conti-ary, or 
by the difference of those tangents, if the inclinations are similar. 

EuLE VIIL — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizoatal stress; to find how much of the 
load is supported between any two bars, multiply the horizontHl 
stress by the difference of the tangents of the inclinations of 1"^ 
lines of resistance of those bars, if they slope the same way, ( ' 
the aunt of those tangents, if the lines of resistance slope coi 

KULE IX. — From the same data, to find the stress along a _ 
bar; multiply the horizontal stress by the secant of the inclinatM 
of the line of resistance of that bar. 

2. Bnucd Vmmei— nielbad of Trlnnglo*.— When the ezte 

forces applied to a frame, although balancing each other as ■! 
entire system, are distributed in a manner not consistent with V 
egitHihnuin of each bar separately; then, in tlie diagram of foiq 
upon attempting to construct a Bca\e ot \oB.ia \\6.\i.n^ ita ijoint* 
tlirjsion on tie radiating lines, aa in fi^. T\, ^a.\>ft ■™''Sv\- ''-*^ 



Ibat scale. The lines necessary to fiU up those gapa -will indicate 
the forces to be avipplieJ by means of the reaiaUnce of b 
These nmy be either struts or tieSj connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the line of resistance of the brace, upon the 
pair of joints which it conuects. 

3. iweibad or scciidiu Applied la Croiuci.— When a vertically- 
loaded braced frame is ^, 
80 designed that a 
vertical cross- section 
of it at any point 
cntsi not more than 
three lines of resist- 
ance, the imdhod of 
BKtions may be ap- 
plied as follows : — The 
upper and lower bars, 
aa 1 3, 3 5, Ac, ' 




Fit'. T2. 
interraedbite bars, 01, 12, 2 3, &c., 



the y 



2 4, 4 6, &c, in 
fig. 72, may be called 
the stringers, and the 
braces. 

Rule I. — Given the skeleton diagram, and the load at each of 
the joints {1, 2, 3, &c), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting foroea by Kule II. of 
the last Aitiele (page 165). Then conceive the irame divided into 
two parts, by a section travei-sing the joint that is opposite 
the stringer under consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relativdy to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (That is to say, in the present example, 
take the moment of the supporting force at the joint 0, by 
multiplying it by its horizontal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
Btringer in question, let fall ft perpendicular (4 P) on the line of 
reaistaoce of the stringer (3 5); divide the resultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress i§ 
thrust or tensiun, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of the kind which resists tha-t 
tendency. (In the esample the atreaa ia \liTV)Lat fct 'SoR. 'oi^'SR^ 
Btringere, tension for the lower.) 
■ BuleII.—To End the vertical com^ioaent o^ tVe s'tie^s- *^'^'*^ 
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ettinger, multiply the ■whole stress by the difference of level nf tin 
ends of the stringer, and divide by the length of the stringer. 
If the stringer is horizontal, its stress has no vertical component 
The stress of each stringer having been found, the next step ia 
BS follows ; — 

Rule III. — In the same case, to find the stress along any one of 
the bra^s (for example, 3 4). Conceive the frame to be ^divided 
into two parts by a vertical section, S S, traversing the brace in 
queation. Tafee the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example sbown, 
from the supporting force at the joint subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical coiq- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and oppc^itfi to the final 
residtant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of it^ ends, will give the whole stress along 
the brace. 

4. ijoaded CfaBini.^IluLE I. — Given the figure of a loaded chain, 
C B A D ; to find the position of the resultant load on any part of 
it, A B, and the relative proportions of the forces acting on that 
part of the chain. Drew 
tangents, A P and B P, 
to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
part A B traverses the 
point P. Also, construct 
^'S- "■ a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to each other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and B. 

EuLK II. — Given, in a vaacally-Xoadeil chain, the total load, 
and the figure in which the chain hangs; to find the tlistribution 
of the load, and the tension at any point of the chain. Oonetmct 
the diagram of forces, fig. 74, as follows ; — Draw a vertical straight 
line, C D, to represent the total load, and from its ends draw C O 
and D O, parallel to two tangents at the points of support of the 
chain, and meeting in ; those lines will represent the tensions 
ca the cbaia at its point of support. 
ZetA, in £g. 73, be the lowest point ot t\ie. cWm. \-n. 6%. 74 
a&sw the horizontal line O A; tlua -will re^waoot \.\i« ^KSKuitfyi. 




BF 



■^ 



component of the tension of the chain at every point, and if O B be I 
pamllel to a, tangent to the chain at any point B, A B, in fig. 74, I 
-will represent the portion of the loiid supported between A and B, 1 
and O £ the tension at B, 1 

Rule III. — Given, in a vertically loaded chain, the load and iia \ 
distribution; the points of suspension, C and C (fig. 
■75), which points are Bupposed at the same level, 
aod the horizontal tangent, H H', at the lowest 
jmint of the chain ; to construct the figure in which 
the chain will hang. By Eule XXL of the pre- 
ceding Bection (page 164), find the resultant load, 
"R; then by Rule XIX. of the same section (page 
163), find the vertical components, P and F, of the 
two supporting forces (equal and opposite to two 
parallel components of B through G and C). Then, 
Irom the known distribution of the load, find 
the position of a vertical line, A F, dividing the 
total load, R = P + P, into two parta equal to the adjacent | 
supportdng forces, P and P" respectively; the point A, whera I 



Fig. 74. 




lat vertical line cuts the horizontal tangent H IT, will be the 
llouKft point oj the chain. Next, to find the horizontal tension; 




EUHMira tie chain divided iato t-wo -parte "^i^ «■ Nft-iK-vwi. -i5:»»>^ 
\roagb A Fj take the resultant moment, Te\a'w.'<ie\^ Vi "Om*. ■>^^»»»■< 



of all the vertical forces wiiich act on one of those pai-ts ; for 
example, of the supporting forcfi F, and of tho^e poi'ta of the load 
which hang betweea C and A; divide that moment by the greatest 
depression, F A; the quotieat will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support;, conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that ia, of the supporting 
force P, and of those parts of the load which hang between C and 
B; divide that resultant moment by the horizontal tension i the 
quotient will be the required depression, X B. 

The resultant tensiona at the points of supijort are, respectively, 
J {B? + P2) and J (H^ + F^), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the curve of equUibrium 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. ChnlUi wllh Load Culfarm DTcr Ike Bpan. — The assumption 

that the load is uniformly distributed over the span of a chain is, 
in most cases of suapenaion bridges, neai' enough to the truth for 
pi-actioal purposes. In fig. 76 let B A C be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and 0, the points of support; E D and C E, vertical lines through 
tliem. The curve B A C is a common parabola, with its vertex at 
A. Let D E = a; BD = 3<,; C E = j.^; A D = a;^; A E = iCj; 
BO tliat x^ + x^- a. 

EuLE I. — Given, the elevations, y^, y^, of the two points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is i-equired 
to find the horizontal distances, 3\, x^, of the lowest point from the 
two points of support : also the focal distance, 7n, of the parabola. 



When the points of support are at the same lev 



Tn the latter caas the height y^ = y^ is called the depression. 
Hazs I J, — Given, the samo data, to 6\i4 ^WuYi^i£aSia-ai,i^ 
orHie ohaia &t the points of support. 



-^ : tan L = :i^ = 
at the Eame level, 



'hllllli- ' 



■when the points of support 

Vi = ^2 i tan i\ = tan ij 

EiULE m.— Given, the same data, and the load, p, per nnit ol I 
length : required the horizontal tension, H, and the tensioUB, Kj, By ■ 
bt the points of support. 



le a*nie level, or that Ji = yj, I 



the points of suppoi-t 
those equations become 



.^^■Ji}*"^- 



KpLE TV. — Given, the same data as in Problem First, to find! 
lie length of tJie chain. 
Calculate the lengths of the area A B — e^, and A = Sj, by 

the rules of page 79, Article 5, and add them together. 
Ilui^ y. — Given, the same data, to find, approximately, the i 
small elongation of the chain d (Sj^ + s^) required to produce a given 1 
mnftll depression, d y, of the lowest point A, and conversely. 



rfK 



dy 



'£-3- 



When y, = y^, this equation becomes 

dy ~ 3«' 

These formulie serve to compute the depression which the middia I 
point of a suspension bridge undergoes in consequence of a givea 1 
elongation of the cable or chaia, whether caused by heat or by 
tension. 

RCLB VI. — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of tbfe "^vev. wS*ft. *. 
middle, on wliich it is free to slide, the teQaiQiia ot 'Caa ^VCvni%_ "^^^ 
tiie chain or cable on either ado oE the Ba.ii\(i VSa. "W ?R.■s!Ki>S^.■i 
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equal; and in order that thoKB tensions may compnae a vei'tical 
pressure on the pier, their incliaationa must be equal and opposite. 
Let t be the common value of those inclinations; K the common 
value of the two tensions; then the vertical pressure o 



e pier la 



^ 2Rsi 



- 2 H tan i 



that is, twice the weight of the ])ortion of the bridge between the 
pier and the lowest point, A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of tJie pier, let i, C, be 
the iacliuations of the two divisions of the cltain or cable in opposite 
directions, and E, R', their tensions; then 



E = H sec i 



K'. 



V = E sin t 

6. The Cotenarr IS th 

when loaded with its o 
proportional to its owi 
explanation.) 

KuLC I. — Given, i 



. H (tan » + tan f). 



OX, ( 




curve in which an uniform chain hangH, 
1 weight only, or with a load everywhere 
weight (See fig. 22, page 80, and its 

. 77, the catenary A B, and ita directrix 

and the weight of an unit of length of 

the chain; to find the horizontal tension. 

Multiply the parameter O A by the weight 

of an unit of length of chain. 

EcLE II. — To find the tension at any 

point, B, of the chain. Multiply the height 

of the ordinate X E from the dii'ectrix to 

fl_ 77_ the given point, by the weight of an unit of 

length of chain. 

7. A CKienoFian Kib is of the figure of a catenary inverted, the 

directrix being above the curve, and the curve concave downwards. 

To represent it, conceive fig. 77 to be turned upside down. It is 

the form of equilibrium for an arched rib loaded in such a manner 

that the load on any arc, A B, is proportional to the area, O A B X, 

of the gpandril, or space between the rib and its directrix. 

EuLE L — Given, a catenarian rib and its directrix, and the 
weight of load coiTesponding to an unit of ai*ea of spandril; to find 
the horizontal thrust. Multiply the square of the parameter O A 
by the load per unit of area, 

Edle II. — To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter A, the ordinal* X B, and the load 
JM)r unit of area. 
■A Trmaxfonaei Catrnarian Rib ia B. CVlT^e GUch 03 a b in fig. 77 

(siiJJ supposed to be tunied upside do'ffii'),-«^ck';\jiv«iawit«\a.*«i 
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to the coiamoti catenary, A B, that the ordinatea drawn to it from 
the directrix, X, of both curves, Buch aa Oa and Xb, bear every- 
where a conatant proportion to the corresponding ordinates, auch 
a^ O A andXB, of the common catenary; or, in aymbola. 



Xb Oa 
^XB " O A^ 



- = constant. 



A transformed catenary is a form of equilibrium for au arched rib 
loaded in such a manner that the load on any ate, a &, ia propor- 
tional to the area of spandril, a & X. 

Rule III. — Given, in a transformed catenary, the least ordinate, 
O a ^ a; any other ordinate, X 6 =1^; and the half-span, or 
distance between them, X = «; to find the parameter, A = ni, 
of the corresponding common catenary. Use the foUowing formula: 



: + hjp.iog. (|+y'»^_i 



(For hyperbolic logarithms, see page 38. For squares and squaro 
roots, seepage 11.) 

KuLE IV. — In a transformed catenarian rib under a given load 
per unit of area of spandril, to find the horizontal thrust ; latdtiply 
the square of the parameter A {found by Eule III.) by the load 
per unit of area of spandril. 

£uLE V. — To find the thrust along the rib at any poiut, B; let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril, a 6 X: T, the required thrust; then 

Rule VI. — To find the radius of curvature of a transformed 
catenary at ita vertex or crown, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at ita vertex, A, 
is equal to the parameter, A.) 







Table for Catekaeian Ribs. 
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To interpolate the ordinate, y :±: c, corresponding to an inter- 
mediato half-span, a; =t; M, when * correaponda to in tie tablej 



-li 



1 + 



^2iV, 






This computation is to be performed by addition to the number 
next below in tho table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. Vnitanutj preuPd Hoops. — The Stress OB a hoop is tension if 
it is pressed from within; thrust if it is pressed from without. If 
the pressure is uniform, of equal intensity in all direction^ and 
normal to the hoop, the form of equilibrium of the hoop is & cirole; 
If the pressure is compounded of two uniform pressures in directioiu 
at right-angles to each other, of different intensities, that form i* 
an ellipse. 

E.DLE I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLE II. — To find the ratio of the greater and letisec axes of an 
equilibi'ated elliptic hoop, subjected to two uniform preasnres of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ritio of the intensities of the pressures. 
The greater aaia will lie in the direction of the more intense pressure. 

BuLE III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes ; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 

£*. A Bfdronniic Rtb is adapted to hear a pressure which, liko 
that of a liquid, is everywhere normal to tho rib, and which, at 




any point, C, has an intensity proportional to the depth of spandn!, 
C Y, between the rib and ita horizontal directiix, Y O T. The 
TaiA'iw oi"cnrvature at each point, 6uo\i.aaC,ia ia^ieraely proportjoml 
to the depth of sjiaudril, C Y. 



The t«tal thrust at every point of a hydrostatic rih ii 
and is equal to the load on the Lalf-rib A B. 

In what follows, the rib is supposed to spring vertically fiwrn its 
abutments at B, B. 

RtTLB X. — Given, the half-span, F B = c, and the rise, I" A = a, 
of a, hydrostatic rib; to find tho proper depth of load at the c 
A O ^ A, approaAmatdy. 



Make 6 = c + ;r^: then A = „ 



Koi^E II. — To find the area of spandril correaponding to the 
T 
imiform thrust along the rih; call that area -, in which T repre- 
sents the thrust, and w the load per unit of area of spandril ; then 

Rule III. — To calculate the thrust; 
the half-rib. 



.(f+4 



Rule IV. — To find the radius of curvature at a point where 
the depth of spandril, Y ^ k, is given; divide the area found by 
Rule II. by the depth of spandril; that is to say, let r be the 
radius of curvature at C; then 



At A,r, = — L-^— ; atB.., = ^^^-^^^. 

A sufficient number of radii having been computed, the figure o- 
the rib may be constnicted to any required degree of approximation 
by drawing a series of short circular area. 

Rule V, — To draw, approximately, the figure of a bydrostatie 
rib with three radii only. By Rui.b IV., find the radii of curva- 
ture, 7(1, rj, at the crown and Bpringiug. From the crowc. A, 
draw vertically A C = j",,; and from the springing, B, draw 
horizontally B D = r, . C and D will be the centres of curvature 
for the crown and springing respectively. 

About D, with the mdius D E = F A — "B'O, iewjcCwift.^-.-wv^^sa 
arc, and about C, with the raiUus C ■£. = C "S, ica-itiyQ -wtfAift* 
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circular arc; let E be the point of intersection of those arcs; ttis 
■will be a third centre; and two more centres will bo eimilariy 
eituated to I> and E with respect to the other half-rib. 

Then about C, with tJie radius C A, draw the 
circular arc A G till it cuts C E produced in Gj 
about E, with the radiuB E G = F A, draw the 
circular arc G H till it cuts E D produced in 
H; about D, with the radius D B, draw the 
circular arc H B. Tbis completea one tulf-rib, 
and the other ia drawn in the same manner. 

The curve thus drawn falls a little beyond 
the true hydrostatic rib at G, and a little 
witbin it at H. 

ID. A Kib or any Figure, under a vertical load 
dittrihuted in any mann^, being given, it is 
always possible to determiue a system of hori- 
zontal pressures, which, being applied to that 
rib, will keep it in equilibrio. 

KuLE I. — To find the total horizontal prea- 
snre against the rib below a given point. In iig. 80 let C be any 
point in the rib, and A its crown. 




— 
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Fig. 80. 

In the diagram of forces, fig. 81, draw o c parallel to a tangenP 
to the rib at C. Draw the vertical line o J as a eeale of loads, on 
which take o A := F to represent the vertical load supported on the 
aio A C. Thi-ough h draw the horizontal line h e, cutting o c in c; 
T will be the thrust along the rib at 0, and A c ^ H, 
trizontal component of that thrust, will be the total horhonlal 
which viuai he exerted against G B, the part of the n6 
C. 
At the crown, A, the preceding Kule fails; and the following ia 
to be used. 

KuLB II, — To find the thrust at the crown of the rib; multiply 

He radius of ciirvatiu'e at the crown by \fce "jerticul load per lined— 

it of span thei-e, ^M 
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Rule III. — To find the horizontal pressure required in a given 
layer of the spandril. 

Let C (fig. 80) be a point in the rib a short way below C. Ir 
the diagram of forcea (fig. 81) draw o d parallel to a tangent to the 
rib at C; on the vertical scale of loada take o A', vertical load 
on the arc A C; draw the horizontal line }i c" cutting od in d. 
Thenoc' = T' iathe thruat along the rib at C'j and h'o'= H', the 
horizontal component of that thrust, ia the horizontal pressure 
whichmustbeexertedagaiiist thepart of theribhelow C. H being, 
as before, the horizontal component of the thrust at 0, the difference 
H — H' will represent the horizontal preaaure required to bo 
exerted through the horizontal layer C EE' C. 

If H diminishes in going downwarda, as in the esample given, 
preg»u.re from rnithotit ia required through the layer. Through 
thoae layers at which H inoreaaea in going downwards, either tension 
from teUhotil, oi pressure Jrom wii/iin, is required to keep the rib 
in equilibrio. 

Rule IV. — To find the greatest horizontal thrust, and the 
"point of i-upture," and "angle of rupture." 

Through o, in fig. 81, draw a number of radiating lines, such aa 
OB, od, &c, parallel to the rib at various points, aa C, C, kc, and 
find, as in Rules I. and III., the lengths of those lines so as to 
represent the thrust along the rib at the several points C, C, &c. 
The leogth of the horizontal hue, o a, representing the thrust at 
the crown, ia to be calculated as in Rule II. Through the points 
a, e, <f, iia., thus found, draw a curve. Eind the point, d, in that 
curve which is farthest from the scale of loads, o 6; tien the 
horizontal line dk ^ Hg will represent the maximum horizontal 
thrust. 

Join o d, and find the point, D, in fig. 80, at which the rib is 
parallel to o d; this is the "point of rupture," or point at which 
the horizontal thrust attains a maximum; and the "angle of 
rupture" is the inclination of the rib at that point, or „^ doa, in 
% 81. 

The horizontal plane D F is the upper boundary of that part of 
the spandril which exerts the maximum horizontal pressure Hg. 

Section III.— Stability op lUsoNaT, 

1. Pruaare at Earth and irnter nBainsl Wallh — RuLE I. — The 

Centre of Pressure of a rectangular vertical plane pressed by a mass 

of water or of earth is at - of the total depth down fj-om the upper 

fiorface of the water or earth. 

Rule II. — The Direction of tJie Pressure a^wa^. «. ■ve^\c^ -^rave 
13, for water or a bank of earth in. 1iot\j«iAo.\ \a.gftta, Voivia'^^ 



I 
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for a bant of earth in uniformly sloping layers, it is sensibly 
parallel to tlie slope. 

Rule III. — To find the amount of the pressure of water against 
each toot in breadth of a vertical plane; multiply the half-square 
of the total depth by the heaviness of water (62*4 lbs. to the cubic 
foot). 

For the heamntaa of earth, see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as ikr aa 
practicable, to be ascertained by observiition on the Bpot; — 



Dry Eimd, clay, and miied (from 
earth, ( to 

WetcJay,.! i ^J^ 

Shingle and gravel, j "^ 

Peat, ..\^f^ 



■25 



dSBlgniHJOa of 

l-=-/tol. 






The most Sequent slopes of earthwork are those called 1} to 1, 
and 2 to 1, corresponding respectively to the co-effi.cienta of motion 
0'67 and 0'5, and to the angles of repose 33^° and 26 J", nearly, 

Bdle IV. — To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of 4 
vertical plane; multiply the half-aquaro of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows ; — 

In fig, 82, from one point, O, draw two atmiglit lines, M X 
and O E, making with each otfier 
the angle M E = *, the angle of 
repose, or natural slope of the earth. 
About any convenient point, M, in 
one of those straight lines, deecidbe 
a semicircle, Y R X, touching the 
other straight line in R, (Thia : 



Fig. 92. 



, .hja may 
be done by describing tho dotted semicircle M R O, so as to find 
the point R.) Then 

Case I. — If the bank ia in horizontal layers, the required ratio ifl 



0_Y / 1 - Bin c\ 

X V~ "^ + am (tV 



[— F0DNDATI0N3. 

Case IL — If the bank is in lajera doping at tlie natui'al alope, 
the required ratio ia 

OR, 



0. 



f{^ cosip 



Case III.— If the bank consists of layers sloping at any leas 
angle ; draw Q P, making the angle MOP — the actual alope i 
of the bank ; from P draw P W perpendiculut to O Pi then the 
required ratio ia 

Oyf\ "" *• COB tf + ^ (COS* fl. ~ coas ?)' 
in which i = ^ii M O P). 

2. Ejoad on OrdlnBrr FBHndnllOB*. — ^™' ""J^^ 

fii-at ClaHs: rock, modeiutely hard; strong aa ) 

the Htrongest red brick, J " 

„ rock of thB strength of good concrete, 3.0 

„ rock; very soft, i'8 

Seooad Class : firm earth ; hard clay ; clean dry \ 

gravel; clean sharp sand, pre- Vfrom i to i-g 
■vented from spreading sideways, ) 
Third Clasa : soft or loose earth; let ? be the angle of repose; 

EuLE I* — To find the least weight of earth to be displaced by 
t&e foundation of a building when the load is uniformly distri- 
'^ted; mjiltiply the total load (above and below groimd) by 



/l-jin_5V 

\1 + Bin <p/ 



BtTLE II.* — When the- load produces an uniformly-varying 
pressure, to find how far the centre of pressure may safely deviate 
from the centre of figure of the base of the foundation; find the 
centre of percussion of the bane relatively to the edge where the 
lure ia to be least (see p^ea 156, 157), and multiply the dis- 
i of that centre of percu^on Ssom the centre of figure of 



1 H 

For a rackfowndatio: 

KimB III.*— In the 
least weight of earth to be displaced by the foundation; multiply 
the total load by 

(i-"»»y 
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Rule IV.* — In the case referred to in Rule I.*, and when the 
load above ground alone is given; to find the least weight of earth 
to be displaced by the foundation ; let w be the heaviness of the 
earth, and w^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids, if any); then divide the 
load above ground by 

'1 + sin ^\2 



/I + sm ^\ 2 - w-^ 
\1 — sin ^/ w' 



Rule Y. — To find the depth of a foundation; divide the weight 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Least depth to escape injurioua effects of frost = from 3 feet to 
6 feet according to climate. 



Table op Functions op Angles op Repose. 

<p 15° 20° 25° 30° 35° 40° 45* 

1 + sin ^ ^ - - ^ 

2 _ sin <p ^*^°° ^'^^ ^'^^ 3'°°° 3^° ^'^^^ ^ 

1 — sin 'P 

j-^j^-^T— 0-588 0-466 0-406 0-333 0-271 0-217 0-172 

/l+sin^\2 • 

V I - sin (p ) ^^° ^'"^^^ '^^ ^'°°° ^3'^^9 21-152 33-94 

(1 — sin ^\2 
1 + sin (p) °*34<5 0-224 • 0-165 o-iii 0-073 0-0470-0295 

1 + sin2 (P ^ 

(1 - sin (f)f ^'^^^ ^"^^^ 3*535 5*000 7-310 11-076 17-47 

(1 — sin <p)2 

•^ . o 0-514 0-421 0-283 0-200 0*137 O-OQO 0-0S7 

1 + Sm2 (p ^ ^ ^ "^ ot ;/ ui 

2 sin (P 
I ^ g^^^2 (p 0*486 0-579 0-717 o-8oo 0863 0-910 0-943 

tan (p 0-268 0-364 0-466 0-577 0-700 0*839 I'ooo 
cotan ^ 3*732 2*747 2-145 1^*732 1*428 1-192 i-ooo 

3. lioad on Piled Fonndatlons. — Ordinary working loads on the 

heads of piles : — On piles driven till they reach firm ground, 0-45 

ton on the square inch; on piles standing in soft ground, by Motion, 

O'OPy ordinary values of greatest load which jjlles will bear without 

Binking further, from 0*9 to 1-35 tona on ^k'a »c^«iX^ \xiOsl «s«^ <ii 

head 
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Tbe following a: 



rules applicable to pile-driving i — 

ia to bear without sinfc- 



Jjet P be the greatest load which a 
ing farther (in tons); 
W, the weight of the ram used for driving it {in tons); 
A, the height from which the i-am tails (iu feet); 
I, the length of the pile {in feet) ; 
at, the depth it is driven hy the Last blow (in fractions 

of a foot) ; 
S, its sectional area (in square inches); 
E, its modulus of elasticity. 

(Approximate values of E in tons on the aquafe inch — elm, 400 • ] 
to 600; alder, about 600 ; beech, about GOO; eycamore, about 600; 1 
teak and said, about 1,000; gi'eenheart, 500 to 600.) 

Rule VL — Given, all the above quantities except x; then 

" ~ P 4 E S- 

The pile must be driven until the additional depth gained by each ] 
blow, of the energy "W h, becomes nob greater than aj, as given by ' 
the above rale. 

BuLE Til. — Given, all the above quantities except W k, the 
energy required for the final blow; then 

UuLE Vni. — Given, all the above. quantities except P; then 
ESWA 4E2S2a;'2\ 2ESa; 



V(^ 



l^ 



I 



I hr a Hcrow i*iio in practice ranges from 
eight of the earth which lies directly above 



i. The I^md Sapparli 

S times to 7 times the v 
crew-blade. 

amizoBiai Buiainnre of EnTih. — Let E denote the resistance 
opposed by a stratum of earth to t!ie pushing or dragging of a, 
rectangular plane suvfece through it horizontally; mj, the heaviness 
of the earth; j, its angle of repose; 6, the breadth of the surface; 
IE, the depth to which its lower edge ia buried; of, the depth to 
which its upijer edge is buried; x^ the depth of the resultant of 
the resistance below the upper surlace of the earth. 
E,ULE IX. — To find the resistance; 



R = 



1 - a:* 
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KuLE 5. — To find the position of the resultant; 
_ 2{n^ -or') 
*'" - 3 (^ - x'^y 

6. PrMBBTB of Wind. — Rule XI. — To estimate the greatrat p 
able amount of the pressure of wind agaicat a cliiraney or toA 
if the edifice ia square, take the area of its rertieal cross -section; i 
if round, take half that area; and multiply by the greatest knoi 
pressure of the wind in the neighbourhood against an unit of a 
of a vertical plane surface, aa measured by the anemometer. 
Britain that pressure ia about 55 lbs. on the square foot) 

HuLB XII. — To find tho position of the resultant of that presaure; 
find the centre of magnitude of the vertical cross- section. (See page 
83.) If the edifice ia pyramidal or conical, divide the difference of 
the outside diameter at the base and top by 3 times their snm; 
subtract the quotient from 1 ; multiply tho remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

Rule XIII. — To find the momeat of the pressure of the wind; 
multiply its amount by the height of its re^rdtant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonry 
or brickwork diioinishea. 

7. Hmbiiitr of ALniraenu (Including buttresses, abutmeifts and 
piers of arches, retaining and reservoir walls.) 

Rule XIV.—- To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with HahUity o/po^ion (that is, safety against overturaing). This 
may be called the Iwaling positwn of the centre of pressure. 

Case I. Abulmenta and Piers of Aroftea. — Take as an axis the 
edge of the bed-joiiit in question from which the centre of pressure 
is to deviate ferthest ; the required position of the centre of pressore 
will be the centime of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the farthest edge 
of the bed-joint, from which subtracting the distance fi-om that edgfl 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case II. Retaining WalU. — Greatest deviation of the centre o£ 
pressure from the centre of figure, aa fixed by practical ex]ierieace 
= from 0'3 to 0'375 of the whole thickness of the wall at the givea 
bed-joint. 

JJklb XV. — Given, the load on a bed-joint and the position of 

the centre of pressure; to find apptos.HQBAiB\'j 'iie Sr^'mj^'j of the 

pi-esearv at the edge to ■which tiie centn oE 'Br**'**^^ ^ tirws*.-,'-*. 



ABUTMENTS.. 165 

Case I. of Eiile I. divide twice the load by the area of the bed ; in 
Case IL multiply the breadth of the bed by OTice-and-a-hcUf the 
distance of the centre of pressure from the nearest edge of the bed^ 
and with the product a& & divisor^ divide the load; the quotient 
wiU be the required intensity. 

The intensity of pressure thus found ought not to exceed oner 
eighth of the pressure which crushes the mateiial of the building. 

Rule XYL — ^To calculate the moment of stahilUy of an abutment 
at a given bed-joint; multiply the weight of the mass of material 
above the bed-joint by the horizontal distance of a vertical line, 
through the centre of gravity of that mass/ from the limiting 
position of the centre of pressure of the bed-joint. 

Rule XVII. — To find the proper thickness for an. abutment 
with a rectangular horizontal base from the following data : — 

H, the horizontal component, and V, the vertical component, of 

the thrust to be resisted ; 
x\ the vertical height of the line of action of that thrust above- 

the backward edge of the base of the abutment.. 
by the breadth of the abutment; 
hy its height; 

Wy the heaviness of its material ; 
n, the proportion which its bulk bears to that of the circum*- 

scribed rectangle; so that if ^ be its thickness at the base^ 

wto6A< is its weight; 
q, the ratio which the deviation of the centre of pressure from 

the centre of figure of the base i» to bear to the thickness 

at the base. (See Rule XI Y.) 
r^ the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

using 5> + r if 5^ and r represent deviations in contrary directions, 
and ^ — r if they represent deviations in the same direction; then 
the required thickness is 

« = V (A + B2) - B. 

If the thrust to be resisted is wholly horizontal, t = J A simply. 

In a vertical- solid rectangular abutment n = 1 and r = 0. 

Rule XVIII. — To find the direction of the resultant pressure 

at way bed-joint; let W = nwhht represent the weight of material 

H 
in the abutment above that joint; then. = ^\& ^^ Uinv^«o3t. <it 

tbe angle made by that resultant witlx tiie yet\icBJL "ixL ^t^^ '^so^s* 
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the abutment may possess stability of friction (that is, be safe 
against giving way by the sliding of one course of masonry upon 
another), the normal to each bed-joint ought not to make a greater 
angle with the direction of the resultant pressure at that joint than 
the angle of repose of fresh masonry; that is, from about 25° to 36°. 
Should horizontal bed-joints prove too oblique to the pressure, 
sloping bed-joints may be substituted for them. 

Hemare. — In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at tiie 
base; but the risk of giving way by sliding is greatest at lie bed- 
joint next below the place of application of the thrust; and it is to 
the latter joint, therefore, that Rule XYIII. is to be applied. 

E.ULE XIX. — To find the proper thickness for a vertical, reet- 
angtdar retaining wcdly of a height equal to that of the bank which 
presses it. 

In each case let w' be the heaviness of the earth, its angle of 

repose, and let — be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule IT. 
of this section. Also, let h be the height of the wall, w, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressun 
from the centre of the base to the required thickness t. 

Case I. — Bank in horizontal layers; — = -z ; — : 

•^ ' p 1 + sin ^' 

h \/ \6 qwpj 
Let:7 = |;then^ = |-^(^). 

{For a reservoir-wall, make k/ = 624 lbs. per cubic foot; and 



P J 



Case II. — Bank in layers of indefinite extent, at the natural 
slope ^; - = 1. 

- -. , w cos2 (p (q + i) w' cos ^ sin ^ r .i 

Make —x = a: ^ ^^ = o; then 

6 qw 4t q w 



^ ' +b^--h. 



/7 = V^ 



Case III, — ^Bank in layers of indefinite extent, sloping at any 
Angle ^leaa tian f>. Find - by "RxA^lV* T!\i^\xiaaJKA 
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Cobb rV, — Swrdiarged Wall. — Bank rises from wall at natural 
elope up to beight c above top of wall, or c + 7s above base; and at 
that height baa a horizontal upper surface. Let the thicknesa, calcu- 
lated as in Case I., be i; the thickness, calculated aa in Case II,, 
('; and the re<iuired tbickneaa, i". Thea 
^„ ht + 2 et' 



The strengtJt of a retaining wall at its base ebouldbe tested by 
Rule XV, of this section, and the etabil'dy of frictvm, by Rule 
XVIII. ; and if the latter is found to be insutEcient with horizontal 
beds, the beds nay be sloped back ; and then the back of the wall 
should be formed into steps, with the rise perpendicular to the 

EuLE XX. — Having designed a vertical rectacgular retaining 
wall, to ■modify ils figure without diminishing its stability of 
position. 

The face of tlie wall may be either battered, stepped, or panelled, 
BO long as the centre of gravity of the part taken away does not 
fall behind & vertical line through, the limiting position of the 
centre of pressure of the base, Wbon. the face has a straight or 
curved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight. 

Rule XXL — For. retaining walla of uniform thickness which 
lean or overltang backwards, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the thickness; then put q + r instead of g in the (feno- 
minators of the expressions in Rule XIX., and they will become 
applicable, without material error, to the present case. The beds 
ought to be built perpendicular to the face. 

Role XXII. — Given, the dimensions of a wall with counter- 
forts; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth between a pair of counter- 
forts; e, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 



p 



8. Miine and Brich Archea E,I7LE XXIII.— To find the loOt 

proper thickness/or the arch--nng of & proposed arch ; find the longest 
radius of curvature of tha aroh; then take ft mean, proportional 
between (that is, the sqitare root of the product of^>tiiat radius and 
a constant whose Talues are as follows: — 

Foot 
For an arch above ground, standing solitary Between 

its abutments, 0'I2 

For an arch forming one of a series of archee, with 

piei-a between them, O'lT" 

For an underground archway in hard material (such 

as rock or conglomerate), O'lx 

For an underground, ardiway in gravel or firm 

earth, o-ay 

For an underground, archway in wet clay or quick- 
sand, o'48 

KtJCK XXIII A, — To find the level up to which the haaldng of 
the arch should he built before the centre is struck; take a mean 
proportional between the radius of curvature of the inircdos (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vei-tioally down- 
wards from the crown of the outer surface of the arch-ring. 

Rule XXIV. — For ck rough a^proximatvm, to the horizontal 
^yruit of an arch, take the weight of the vertical load that is 
supported between the crown of the arch and that jioint in the- 
arch-ring where its inclination to the horizon is 45°.. 

Bulk XXV. — To find a nearer approximation to Hie horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rift coinciding witl» 
the centre line of the arch-ring, and treat that rih by the method 
of Article 10 o£ the preceding section, page 178, so as to find its 
maximum hoiizontal thrust; Uiis wilt be nearly equal to the 
horizontal thrust of the proposed arch. Aa to stability, the follow- 
ing cases may be distinguished ; — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be sbblo 
throughout. 

Case II. — If the supposed rib requires horizontal pressure fi«iB 
without up to a cei-tain point iff rupture only, aad above that pOLDt 
requires horizontal tension to give it equihhrium, the actual ontli 
la stable up to the point oi ruptuie, bub above that point it may 
be stable or unstable; aud its Bt&\)iii\.^in»aS.Niel-in'CQSK "wn^ioLai 
follows: — 




Tig, 83. 



In fig. 83 let B C A repveaent one-Lalf of a symmetrioil arch ; 
K L D E, an abutment, and C, the jomt o/n^iwre, drawn perpeudi- 
oalar to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a vertical 

Find the centre of gravity of the 
load between the joint of rupture, 
C, and the crown, A; and draw 
through that cectre of gravity a 
vertical line. 

Then, if it be possible, from one 
poiut, such aa M, in that vettioil 
line, to draw a pair of lines, one 
parallel to a tangent to the aaaunieJ rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Should it be impossible to make the pair of points fall within the 
middle third of the arch-ring, its thickness must he increased. 

Kdle XXVI. — To adapt Tramformed Caienariaji curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the intraaog (or inner profile) of the arch, 
and the exCrados (or outer profile) of the arch with its solid back- 
ing, take two transfonned catenarian mirves with the same 
directrix and parameter. For the extradoa of the whole load 
(being usually the pi-ofile of the platform or roadway), take either 
the horizontal directrix itaalf, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the .horizontal thrust; multiply the square of the 
parameter by the mean load per square foot area of spandril (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which the depth fhjm the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the depth of the keystone. 

Kdlb SXVII.^-To adapt the figure of the hydrostatic rib to an 
arch of masonry. (See Article 9 of liie preceding section, page 
177), For the intrados take the figure of the hytbostatio rib, and 
make the arch-stones of an uniform thickness, deteiimined from the 
radius of curvature at the crown by Hnle XX3II. of this Article. 
The thrnsfcwill be nearly the same aa in a 'supposed linear rib 
coinciding with the intrados, and under thesome load. 

EuLE XXVin.— Tofind the resultant 'hoti7.oviV3\.ft\-o\*.*.^'<^'*' 

staadu between two equal t).cc\iea, "w\ica. tiQ.e.SaV^^*»-J 
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with a travelling load in addition to its own weigtt, and the otter 
with its own weight only; multiply the travelling load per unit of 
Bjian by the radius of curvature of the centre line of the arch-ring 
at its ciYiwu. 

EuLB XXIX.— To represent approximately the amount and 
distribution of the load upon any jmrt of the centre {or temporaiy 
framing) which supports an arch in progress of construction. 

Caae I. Circular Arch. — In fig. 84 let O A be the radius of 
the inttudos, and A B a circular quadrant of which the intradoa 
forma the whole or pai-t. Conceive that the ftal/oithe radius AO 
represents the weight of the arch-ring per foot of intradoa. 

Let be the point up to which the arch-ring has been bnilt; 
and let it be required to find the amount aud distribution of the 
load on the part C D of the centre. 

From C draw C E 11 A Oj bisect C E in F, from which draw 

F H|| B; di-aw D G || A O; 

^ — I* .*iMSi'' ^^^^ "i^^ D ^ represent the normal 

s^fl /iRilH presanre on each lineal foot of the 

VJH^ J. /WWL outer surface of the centre at the 

/^ T / ""^A point D; and the shaded area, 

I I I [ 1 1 D G F, will represent the verti- 

° Bi *oi " * F- DE " oal component of the load on the 
ns- 84. Iig. 85. ^^^^ between and D, both in 

amount and in distribution. 

The point H is that below which the arch-atones cease to press 
on the rib, when the arch has been built up to the point 0. 

The case in which the rib is completely loaded, the arch being 
finished all but tlie keystone, is represented by fig. 85. Bisect 
the vertical radius A in K, and conceive A K. to represent 
the weight per foot of intrados; draw K L || O B; L will be n 
point below which the stones do not press on the rib (supponng 
the arch to extend so far). Let I) be aoy point in the 
intradosj draw D M || A U; then D M represente the nornial 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load on' 
the centre between A and D. 

Case II. Non-circular Arch. — Find the two points at which the 
intrados is inclined 60^ to the horizon; conceive a ciroular art 
drawn through them and through the crown of the intiado^ ud 
proceed as in Case L 
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Section I.— Tables. 




Table I a. — Tesacit 


T OP WsotiaHT Iron 


AND Steel. 


DoMriptlonotMiiUiriBL 


"^'il 


lbs.p«S^,™« 


Inch. UWinsto 
iaa. Eimnaloo. 


(alleable Iron. 








Wire — yeiy strong, ) 
charcoal, j 


114,000 


Mo. 




Wire— average, 


86,000 


T. 




"Wire — weuk, 


71,000 
64,200 


Mo. 
F. 52,490 


F. 


YorkahirefLowmoor),... 


from 
to 


66,3,0) 
^°.'- 75 J 


N. 


{::s 


Torkahire (Lowmoor) ) 








and Staffordshire V 


59.740 


F. 


0'2 to 0'25 


rivetiron, 1 








Oharcoftlbar, 


63,620 
62,231 1 

56,715/ 


N. 


0'2 


. 8taffordslurebar,...froin 


{ 


302 


to 


186 


TorkBhirebridgeiron,... 


49,930 


F, 43,940 


F. 


04; -029 




47,600 


F- 44,38s 




04; -036 


I^uarkabire bar,. ..from 
to 


64.79s 1 
5', 327 ) 


N. 




158 
238 


Lancashire bar, from 


60,110 


N. 




169 


to 


53,775 




216 


Swediahbar, from 


48,933 
4i,35t 


N. 




264 

SV8 


to 

ItiiBaiati bar, from 

to 


59,096 
49.564 i 


K 




153 
133 


Enahelled iron from) 
turnings / 


55,878 


K 




166 


Hammered scrap, 


53,420 


K. 


i\% ■ 


Angle-iron from 1 from 
yaxioaBdistricts, / to 


61,260 \ 
50,056 ] 


S. 




^^^^^^B 


L 






^^^^1 
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Table — continued. 



Description of Material 

Straps from vari- ) from 

ous districts,... / to 
Bessemer's iron, '<5ast ) 

ingot, / 

Bessemer's iron, liam- 

mered or rolled, .... 
Bessemer's iron, Jboiler 

plate, 

Yorkshire plates, . . .from 

to 
Staffordshire pflates, from 

to 
Staffordshire plates, ) 

best-best, charcoal, J 
Staffordshire ) from 
plates, best-«best, J to 
Staffordshire-plates, best, 
Staffordshire plates, ) 

common, J 

Lancashire plates, 

Lanarkshire plates, from 

to 
Durham plates, 



Tenacity in lbs. per Square Inch. 
Lengthwise. Crosswisa. 



55,937 I N- 
41,386/ ^' 

41,242 W. 
72,643 W. 



68,319 

58,487 \ 

52,000 

56,996 
46,404 / 

45,0 ro 

59,820 

49>945 
61,280 

50J820 

48,865 

53,849 1 
43,433 J 
.51,245 



j^ 55,^33 
' 46,221 

44,764 J 



{ 



Ultimate 
ExtensioQ. 

•108 

•048 






{ 
{ 



F. 41,420 

F. 54,820 F. 

F. 46,470 F. 

F. 53,820 F. 

F. 52,825 F. 

F. 45,015 F. 

^48,848) ^^ 

39,544 I 
K 46>7^2 



{ 



•109; -059 
•170; -113 
•04; -034 

•13; '059 

•05; •045 

•05; -038 
•067; '04 

'077; '045 
•05; -043 

•043; '028 

•033; -014 
•093; -046 

•089; '064 



Effects of Reheating and Rolling, 

Puddled bar, 43,9^4 

The same iron five] 
times piled, reheated > 61,824 
and rolled, ) 

The same iron eleven \ 
times piled, reheated \ 43,904 
and rolled, j 



0. 



Strength of Large Forgings. 

Bars cut out of ) from 47,582 ) ^^ 44,578 

large forgiuga, f to 43,759 J ' 36,824 

Bars cut out of large 1 .^ ^ 

forgings, J *^*^' 



{ 



•231; •168 
•205; '064 
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■ Table— continued. 




W De«ripHooofM«leri»L 


^fSwrBi'^^^x*^^^ 


Ultlmtle 


ItTKBL ASD Steely Iron. 






Caatsteelbars^rol- ) fi-om 
led and forged,; to 


92,015/ ^^■ 


{^ 


Cast eteel bars, rolled 
and forged, 


130,000 E. 






Blirtered steel bars, 
roUedandforgetl..., 


104,298 N. 




■097 


Shear steel bara,roUed 
aad forged, 


118,468 N. 


■13s 


Bessemer'a steel bars, 1 


111,46a N. 




rolled and forged,... 


■055 


Beesemer's ateel bars, 


63,034 W. 




.Beaaemer's steel bars. 


153,912 W. 






Spring steel bars, ham- 
mered or rolled,.... 


72,529 N. 


■180 


Homogeneous metal 
bars, rolled, 


90,647 N. 


■'37 


Homogeneous metal 
bars, rolled 


93,000 F. 




bars, forged, 


89,724 ^■ 


■119 


Puddled Bteel ) , 
bars, roUed and V™ 
forged, ) ^ 


62,768) ^- 


f-r9. 
t'091 


Puddled Bteel bars, 
rolled and forged,. .. 


90,000 P. 






Puddled Bteel bars, 
rolled and forged, ... 


94,752 M. 






Mushet's gun-metal, 


103,400 F. 


□ ■034 


Caat steel plates,. ...from 
to 


96,289 1 ^ 97,308 1 -p- 
75,594/ ^'69,0821 ^■ 


•057; ■°9S 
Vi98rt96 


Cast steel plates,... hard. 


102,900 ; -p 
85,400 / ' 


■031 

t -031 


Boft, 


Homogeneous metal \ 
plates, first quality, J 


96,280) 97,150) 

73.4°8j 73,580) 


j 086; -144 


plates, secoudquality, J 


( -059; -033 


Puddled steel 1 from 
plates 1 to 


'02,593 1 N 85,3651 -« 




TudtUed Bteel [Antes,.... 


93,600 S. 


vv-k-b J 


ft 




J 




Table — cont inued. 

DBBcrlpUoa of MateriiL ^iS^^>eI* ^^ 

ColeforJ Gun-metal. 

Weakest, 108,9701 

Strongest, 160,540 V F. 

Mean of ten sorts, i37.34oj 



In the preceding table the following abbre^^tions a; 
the names of authorities : — 

C, Clay; P., Fairbaim; H., Hodgkinson; M., MaBet; Ma, 
Morin; N.,* Ifapier & Sons; R, Eennie; T., Telford; W., 
Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vagiie one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocka 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus -082; -057), the first denotes 
the ultimate extension lengthwise, and the second c 



—Resilience of Ibon aiid £ 



I — Weak, I3i400 4.4^7 i4iO' 

Average 16,500 5,500 17,01 

Strong, 29,000 9,667 22,9' 

— Good average, .. 60,000 20,000 29,0' 

m — Good average, 50,000 16,667 24,01 

-Good average, go,ooo 30,000 25,3: 



1-425 
r78 
4-08 
'379 

35-57 
3 '03 
46-10 



Plate 

Steel — Soft, 90,000 30,0 

„ Hard, 133.000 44.<= 

In the above Table of Eesilience the working tenacity is for a 
"dead" or steady load. The modiilua of resilience is calculated 
by dividing the square of that working tenacity by the modulus of 
elasticity. 

• The eiporiments whose eitreme reanltB are marked W, were condncted 
for Mesara. It Napier & Sons by Mt. Kitkaldy. For details, see Traatae- 
fiom qf the Jnaitutisn of fingljwcra in Scottawt, YSSa-M ■, siwi KirkaJdy 0« 
**« Slrength qflron and Sled. 



r 



GENERAL TABLE& 




'HtBLE OF THE EeSISTANCE OF MATEEIALS TO StBETCHING AND 

'Tearing) Bi a Dxbect Full, in pounds avoirdupois per sguare 



KONES, Natural aitd Artificial : 
I Erict, t 

, Cement, J 

I; Glass, 

{ Slate, 

B Mortar, ordinary, 

pTALS: 

1. Brass, cast, 

I Bronze or Gun Metal (Copper 8, \ 

„Tm') •• J 

1 Copper, cast, 

bolts,' 

■ast, various qoalitiea, 



Tenacity, 
Tearing. 



8,0OD,oc 

I3,ooo,oc 

to i6,oocj,oc 






, average, 

uTMught, plates, 

, joints, double rivettcd, 

, „ single rivetted, 

, bars and bolts, 

, hoop, best-beat,.., 

, wire, 



49,ooo 
36,000 
1 9,000 
30,000 

(JO^OOO 

( 13,400 
\ to 29,000 

16,500 



9,170,, 
14,330,1 
9,900,. 



■wire-ropefi,., 
^ LeadjBbeet, 

Steel bars, 

Steel plates, average, .. . 
Tin, oastp 



{60,000 ) 
1070,000/ 
64,000 
( 10,0001 

t to .00,000 1 



STRENGTH OF MATERtAIA 




486, 



to 1,360, 






Timber and otheh ORGjixic Fibre: 
Acacia, false. Bee " Locust" 

Ash {Fraxintia eaxdsior), 17,01 

Bamboo (Samhusa arundinacea), 6,31 

Beech {Fagua sylvaiica), 11,51 

Birch (Se^a cUba), 15,01 

Box (SiKcJM aempermrens), 20,0' 

Cedar of Lebaiiott(Ca^j'«eZi6oiii), 11,41 

COiestnat (Caslanea Tesca), < ^^ Vt'°[ 

F.lin (Ulmiia campeatria), 1 ^ 

14,000 \ to 1,340, 

Fir :Eed Pine (PijMts™;-Bes(m), i, ^''>°°° ^A^^, 

„ Spmce (-16ifis ftweiao) i. ^'i°°' 

„ JjtiJVb. (Larh: SvTOjXEa), 1 to io'o°° 

'Sa,wtiiom(CrattefftuOx>/aca7U!ia), 10,500 

Bizel {Gorylus Avdlana), 18,000 

Hempen Cables, 5,6oo 

Hony(/kc Jgiii/oiiMm), 16,000 

Hornbeam {Carpintu Betulus),... ao,ooa 

Laburnum (fiytisug Zalnimvm), 10,500 

liftncewood ffiuaUeria virffola), 23,400 

Lignnm-TitiB (G-aaia/Mnn onair \ „ 

nale), / ^•'"°° 

Locust {Robinia Fssudo-Acacia), 
Mahogany (Swiefenia Makagoni), 

Maple (Acer campesiris), 

Oak, European [Quercua sesaili- J io,ooo 

Jlora&ndQiiercus pedunculata), \to ig,8oo 
„ American Bed (^Qiierais \ 

Tvhra), j '°)2S° 

Saul [Shorea robusla), 10,000 

Bjca,more{AcerFgeudo~Flataniia), I3>ooo 

Teak, Indian {TecUma gramdia), 15,000 

„ AMcaa, (1) ai.ooo 

TPiaJebone, Tiloo 

Tew (Taxtts hacoata), &pt« 



f eiooo t 

\ to 21,800 J 






2,150,0 
2,420, 

3,4,00, 
2,300^000 



1,000 
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Table of the Eesistance of Materlaxs to SHEABiNa and 
Distortion^ in povmds a/ooirdwpois per squa/re inch, 

-, . , Transverse 

Resistance Elastidtv, 

Matebuls. to ^j. Resistance to 

MeTAM : Sheanng. Distortion. 

Brass, wire-drawn, 5>33o,ooo 

Copper, 6,200,000 

Iron, cast,..-. 27,700 2,850,000 

, . - f 8,500,000 

„ .nx)iight, 5°'°°° i to 9,5oo;ooo 

Tdibeb: r /» 

Fir: Red Pine, Sooto 800 \. ^^ f 

' ^ |to 110,000 

„ Spruce, 600 

„ liircli, 970 to 1,700 

Oak...... 2,300 82,000 

A.8h and Elm,... 1,400 7^>ooo 



III 

Table of the Besistance of Materials to Crushinq by a 

Direct Thrust, in poimds a/voirdvpais per aqwa/re inch. 

Resistance 
Matebiaus. to 

Grnshing. 

Stones, Natural and ARTinaAL: 

Brick, weak red, 550 to 800 

„ strong red, 1,100 

„ fire, i>7oo 

Chalk, 330 

Granite, 5,5oo to 11,000 

limestone, marble, 5^500 

„ granular, 4,000 to 4,500 

Sandstone, strong, 5)5oo 

„ ordinary, 3,300 to 4,400 

y, weak, 2,200 

Bubble masoniy; about four-tenths of cut stone. 

Metals: 

Brass, cast, 10,300 

Iron, cast, various qualities, B^f^c^c^^i^ ^\'4<S^'^'^ 

„ „ average^ ^^i^aoc^ 

„ -WTOv^t, a\io\iL\.'ib,o^o*^ \^f>^^ 
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Reristaaoe 

Matbbiaub. to 

Crashing. 

TiMBEB^ Diy, crushed along the grain: 

Aflh^ •• 9,000 

Beech, g,s6o 

Birch, 6,400 

Blue-Gum {Eucobtyptua Globtdus), 8,800 

Box, i 10,300 

Bullet-tree {Achraa Stderoacylon), 14,000 

Cabacalli, 9^900 

Cedar of Lebanon, 5,860 

Ebony, West Indian (Brya Ebenua), 1 9,000 

Elm, 10,300 

Fir: Bed Pine, 5,375 to 6,200 

„ AmericanYellowPine(Ptnt«t«»na<^M), 5,400 

„ Larch, 5,570 

Hornbeam, 7,3oo 

Lignum- Vitse, 9,900 

Mahogany, 8,200 

Mora {Mora excelm), 9,900 

Oak, ioritish, 10,000 

„ Dantzic, 7,7oo 

„ American Bed, 6,000 

Teak, Indian, 12,000 

Water-Gum (Tristcmia neri/olia), 11,000 



lY. 

Table of the Eesistance of Materials to BREAEma Across, 

in potmda a/voirdtipois per aqiux/re inch, 

Beaiatance to Breakmg, 
BIatebiaia or 

Modnliis of Boptare.t 

Stones: 

Sandstone, 1,100 to 2,360 

Slate, 5,000 

* The resistances stated are for dry timber. Green timber is mnch weaker, having 
sometimes only half the strenj^h of drjr timber against cmshing. 
/ T/10 modtuas of rupture is eighteen times the load which is reonired to break a bar 
fif one inch BqutarCf snpported at two pomte o&a ioot «2«x^ «fiiil toadad in the middla 
between the pomU of rapport. 



"^OSSEatir Tjfe£a* 



Sesialance to Breaking, 
Mad^Q4 of Ruptun- 

Iron, oaat, open-work beams, average, 17,000 

,, „ BoUdrectangular bars, yar.quaKties, 33,000 to 43,500 

„ „ „ „ average, 40,000 

„ wrought, plate beMna, 42,000 

Aah, i3,ooo to 14,000 

Beech, 9,000 to ia,ooo 

Birch, 11,700 

Blue-Gum, 16,000 to 20,000 

BvJlet-tree, 15,900 to 32,000 

Cabacalli, 13,000 to i6,oao 

Cedar of Lebanon, 7,400 

Chestnut, io,€6o 

Cowrie (Bammara ausinUis), 11,000 

Ebony, West Indian, 37,000 

Elm, 6,ooo to 9,700 

Fir: Red Pine, 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ liirch, 5,ooo to io,Doo 

Greenheart (ifaetandra Sodiasi), 16,500 to 27,500 

Iflmcewood, i7i35o 

Lignum- Vitte, 12,000 

Locust, 11,200 

Mahogany, Honduras, ^i,5oo 

„ Spanish, 7,600 

Oak, British and Russian, 10,000 to 13,600 

„ Dantzlc, 8,70a 

„ American Bed, 10,60a 

Toon, 13.30'' 

Saul, 16,300 to 30,700 

Sycamore, 9,600 

Teak, Indian, 12,000 to 19,00a 

„ African, 14,98a 

Tonka {Dipteryx odorala), 32,00a 

■Water-Gum, 17,460 

Willow {Salix, various species), »... 6,600 



9IBKSGTH OF UATEKUIS. 



T. — Supplementary Tables for "Wrotjqht Ieos and Steel 
Meaa results of experiments by W. H. Barlow, Esq., F.RS. t — 



TA. 



nj IjjcJi. Lte. or 



Puddled Bteel, specimen I,,... 
„ specimen IL,... 

cast in ingots, J 

Puddled steel, specimen III., 
„ specimen IV., 

„ specimen V,,.. 

Homogeneous metal, 

Steely iron, 



'9.45'' 



52,500 



22,964,000 



SO, ,^44,000 
24,802,000 

23.833-'S<» 
22,846,400 



"Weight of a. cubic foot of puddled steel, 485'5 Iba. ; of steely 
iron, 483-6 lbs. (See the Engineer of 3d January, 1802.) 

BueojEtb of Oald-roUcd Iron. — The fallowing results were obtained 
in some experiments by Mr. Fairbairu on the tenacity of iron. 
(See Manchester Transactions, 10th December, 1861.) 

Tenicltr, UlUnmW 

LIB. per Square Inoli. Enansioo " 

Black bar, 58,627 

Same bar iron, turned, ^0,747 

Same bar iron, cold-rolled, 88,229 '^'39 

Cold-rolled plate, 114,912 

Meau results of experiments by M. Tresca on bars cut c 
cast steel boiler plates. 

Teasdly. Limit otElutliilCT'. Kodnhoi ot A 
Lba oQlhe LlaDnihe EliBaolty— *-" 

Gqu&n InstL Gqun Inob. tlii Idqiian 1 

Hard steel, untempered,... 74,300 36,000 39,500,01 

„ tempered, 103,000 T 71,900! 37,300,01 

Soft steel, untempered,... 81,700 34,100 24, 

„ tempered, 121,700 105,800 a8j 

The column headed "limit of elaatioity" gives the tension um 
which the eJongation was sensibly proportional to the load, 
reaulta marked (J) are doubtful, liecaaae ut d!\&cce\tB.Tu:v4B ama 
the experimenta of which they are &e mee:a&. 
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TI._S0ppLEi[ENTAKT Table fok Cast Ibon. 


1 




Kinds on™. 


DiHKt 


lo DiPMl' 
Cnuhlue 


"'Is?" 


ElBirtldtj. 


1 


No. 1. Cold blast, i"°^ 


12,694 


56,455 


36,693 


14,000,000 






to 


17,466 


80,561 


39.77' 


15,380,000 






No. 1. Hot blast, 


from 


13,434 


72,193 


29,889 


11,539,000 








to 


16,125 


88,741 


35.316 


15,510,000 






No. 2. Cold blast, 


from 


'3'348 


68,532 


334S3 


12,586,000 








to 


.8,855 


102,408 


39,609 


17,036,000 






No. 2, Hot blast, 




13.505 


82,734 


28,917 


12,259,000 








to 


17,807 


102,030 


38.394 


16,301,000 






No. 3. Cold blast, 


from 


14,200 


76,900 


35,88> 


14,281,000 








to 


15,508 


115,400 


47,061 


22,908,000 






No. 3. Hot blast, 


from 


15,278 


101,831 


35.640 


15,853,000 








to 


23,468 


104,881 


43,497 


22,733,000 






No. 4. Smelted by coke) 
without Bulphur, J 














— 


— 


41,715 


~ 


■ 




Toughened cast iron, |[™"' 


23,461 
25,764 


129,876 
119,457 


r 


— 


1 




No. 3. Hot blast after first 
melting, 




98,560 


39,690 


- 


1 




No. 3. Hot blast after 
twelfth melting, f 


- 


163,744 


56,060 


- 


1 




No- 3. Hot blast after) 










■ 




eighteenth melting, ...t 


— 


197,120 


25.350 


— 


■ 




Malleable cast iron, 


48,000? 


— 


— 


— 


1 








It is to be understood tha 


t the numbers in 


one line of the pre. 


1 


ceding table do not uecessar 


ly belong to the a 


ime speeijiieii of iron, H 


each number being an extren 


le result for the k 


nd of iron specified H 


in the first column. 




1 


"VIL— Rksistasc 


E OF TlMBEB TO 


TWISTINO. ^M 




Mi>ilu]=»o(nnptun, Modulus ol Tr«»- H 






..erseEUsdolV- ^ 




Lbs-oniBSqui 


ira Lbs. on £0 Sanire ^1 






loch.^ ■ 


RodPineof Prasfda,... 




116,300 ■ 

61,800 ■ 


,, of Korwav,. . 


ORO 


Elm, .".... 


1 ^QQ 




Oak(of Nonnandj),... 


2't^O 


Asb, 


1,460 


>l(i,ori^ H 



r 

II SUPPLEMENTABT 



F MATEBIAIA 




SUPPLEMENTABT TaBLE OF PROPERTIES OF TlBBER GROWN DT CeYLOF; 
SELECTED AND COMPUTED FROM A TaBLE OP THE ProPEBTIES Ot 

umETY-Eiz EJKDS OF TiuBEB BC MoBLiAB AsRiAtr Mendis. 



""^^ liB. on Iha lb». on lb. 
Square Inch. Square Incb. 

Alade\ {Artocarpiu pubaeau),... 1,850,000 12,800 

Burate {Cfdoroxylon Swielenia), 2,700,000 18,800 

Caha Miiile (Kiiea: allisHmal),.., 2,000,000 13,900 
Caluvere. See " Ebony." 

Cos {ArtOcaTpue integrifoUa), 1,3io,odo 11, 000 



1,360,000 13,000 



Ebony or Caluvere {Dioapyros 

Ebenug), 

Gal or Hal Mendora ( Valena I 

*p._t) J ^'53o,coo 13,300 

Hal Miiile (Beirya AmmonUla), 970,000 15,200 
Ironwood. See " Naw." 
Jack. See " Cos." 

Mee (Basiiit lani/i/olia)^ 1,880,000 13,000 

Meeaa Miiile {VitexoitlMima),... 2,040,000 14,200 

"Naw (ifeaua Naffoha), 2,580,000 17,900 

Palmira. See " Tal." 

F&loo {Mimitsopa liexandra), 2,430,000 18,900 

Satinwood. See " Eurute." 

Sooriya (Thespeaia populea), 2,610,000 12,700 

Tal {BorasmsflabeUiformis), s,Sio,odo 14,700 

Teak {Teclona gratuiis), 2,800,000 14,600 



Teak from Johore (Malay Peninsula), 1 9, 400 

Teak from Cochin-China, 1,990,000 ia,ioo 

Teak from Moulmein, 1,900,000 11,520 

Iron-bark, rough-leaved 1,157,000 aB,5oo 



L 



Jarrah, or "Australian Mahog- ) __ „ 

^ny' {Ev^aiypt^-T, ._.] ^>^51,ooo 20,238 

Stringy-bark (kitealyptus gi- \ 
ffemlea)frQm Australia, • \ 



n°')po== -i-i^w 
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I IX. — Supplementary Table for Stone, Lime, and Cement. 



I Grauwaclce from FeDmaenmatir, 161^93 

f Basalt, Whinfltone, li,97o 

I Granite (Mount Sorrel), 12,861 

I „ (A:^yllshire), 1O1917 

I Syenite (Mount Sorrel), 11,820 

I Sandstone (Strong Yorkshire, mean of 9 expcn' 

f menta), 9,824 

„ (weak specimens, locality not stated), 3,000 to 3,500 

Limestone, compact (strong), 8,528 

„ magBesian (strong), 7,098 

., Cwe.t), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbaim'a experiments further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, ia 
only gix-aeoenthe of the i-esistance to crushing in a dii'ection perpen- 
dicular to the layers. 

The hardest atones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally crushes them, in a pro]iortion which, 
ranges from a fraction little leaa than unity ja the harder stonea, 
down to about (me-holfiD the softest 

A Year and a Half after Mixtuke. '^""?§q^l^i!Sii* 
Mortar of Lime and River-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Fit-Sand, 580 

„ „ „ beaten, 8oo 

Hydi'aulic Mortar, of lime aDdpoucided tiles,... 680 

„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

StZTEEH Years aster Mixture, the increase of strength ia in 
tbe following proportions : — 

For common mortar, i-8th. 

For hydraulic mortar, i-4th. 

tSix Months aptbr Mixture. lub. on 
Adhesion of common mortar to compact lime- Si^.in- 
stone, "v^ 
Adhesion of common mortar to brick, 'VJ> 
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One Year after Mixture. J^tt^Sch. 

€rOod hydraulic lime, ijo 

Ordinary hydraulic lime, < J^^ ^^^ 

Ricli lime, 40 

Good hydraulic mortar, .,,,, 140 

Ordinary hydraulic mortar, 85 

Good common mortar, 50 

Bad common mortar, 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, 1,200 to 1,550 



X — Miscellaneous Supplementary Table. 



Material 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong, 

Teak wood, 

Deal, '. 

Hempen rope, hawser-) 

laid, ) 

Hempen rope, cable-laid. 

Silken thread, J 

Flaxen thread, 1 



Dimensions. 



I m. X I m. 
area i sq. in. 
girth I '27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0*000115 

sq. in. 

unknown. 



Tearing 
Load, 
IbaT 


Length of 

lib. weight, 

in feet 


130,000 


0*297 


100,000 


0-3 


4,480 


6*o 


60,000 


0-3 


50,000 


0-3 


15,000 


3-0 


12,000 


4-0 


1,050 


26*0 


67,200 


0*279 


19,950 


6 


15.833 



Tenacity in 

feet of tiie 

Material 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27,300 

18,750 

119,700 

95,000 



Modulus of elasticity of silken thread; 
3,000,000 feet of itself = 1,300,000 lbs. on the square incL 

Modulus of resilience of silken thread; 

473 foot-lbs. for a cord weighing 2 lbs. ; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk-worm g;vit, m Ai\i^ feet of itself^ is aboat 
tlie same with that of silkeu tWea^L 



KoTAL Navy Canvas. 

Moan of K« Ueiui of N09. 
1. 2, S, 4, B, and 6, 7 BQd a, 

r Tenacity of warp in lineal feet of canvas, 21,552 27,200 

1 Tenacity of weft in lineal feet of canvas, 30,788 33,000 

Mean tenacity of the flasen yam in lineal 

feet of itself, being tbe sura of the 

tenacities of the warp and waft, 52,340 59,30O 

(The above are from the Trans, of (lie InstUution of ETigineers in 
Scotland for 1^65-0, on the authority of Professor Rankine, Mr. 
Peter Oarmicbael, and Mr. John P. Smith.) 

Aluminium bronze coiitaina from 5 to 10 per cent, of aluminium, 
nnd irom 95 to 90 per cent, of copper. 

Ita mechanical properties are oa follows, according to Mr. Joha 
Inderson, of the Woolwich Gun Factory ; — 

Specific gravity, 7'68; heavinesB, 480 Ihs. per cubic foot. 

Tenacity, 73)000 lbs. per square inch. 

Besistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks ; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim, 269,000 



Section II. — Rules. 

1. Faclon of aafelr and Moduli orSlrcnglh: — 

Dead LofLi Live Load. 

Factors of safety for perfect materials and ) 

workmanship, J ^ 

Tor good ordinary materials and workman- 

Metala, 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
■iegreea, and that remains steady; such as the weight of the 
'■tnicture itself. 

A live load is one that is put on suddenly, or accompanied with 
ribration; such as a swift train travelling over a railway bridge, 
a force exerted in a moving machine. 

£tn.B L — Given, the proportions of live and dead load oa a 
ictnre; to find the factor of safety for tlieimxeiViaA.-, "oi.'^'Ov-^-i 
factor of safety for a dead load by a nMmbw ■^tQ-^otCvara^'^i 
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the dead part of tLe load, und the factor of safety for a live load 
by tie number proportional to the live part of the load; &dd 
together the products, and divide by the sum of the multipliers. 

ExAKFLE. — In an iron bridge, 8up[J0ae dead load : live lo»d 
; : 5 : 4; then (3 x 5) + {6 x 4) = 39; and 39 ^ (5 + 4) = 4J, 
factor of safety for mixed load. 

Rule II. — Given, the hreaJHng load of a piece of material} 
to find the proof load; divide by the factor of safety for a dead 

Rule IIL — Given, the intended iwrking load on a piece o£ 
material; to find the least proper breaking load; multiply by the 
proper factor of safety aa found by Rule I. 

EuLB IV.' — To find the working modulu» or co-efficient of strength 
of a given piece of material; divide the modulus or co-efficient of 
xdtimate streagtli by the proper factor of safety. (The co-efficieoti 
in the tables of the preceding section relate, with a few exceptiooi, 
to ultimate strength, or breaking load.) 

2. UHiTam TeniioB.— Rule V. — To find the intensity of the stnu 
on a bar bearing a tensile load ; divide the load by the tsectionsl 
area of the bar, 

BtTLE VI. — To find the breaking load, or the working load, of t 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case nay 
be (baring due regard in the latter case to the proper factor a 
safety). 

Rule VII. — To find the sectional area of a bar to hear a given 
load; divide the load by the proper modulus. (See Rule IV.) 

RoLB VIII. — To find the proportionate extendon of a Btretched 
bat; divide the intensity of the tensile stress by the "moduiua q/ 
daatidly" (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

N.B. — This Rule holda only when the load is not beyond the 
proof strength of the material In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalerU dead 

Rule IS. — To find the reeilience of a bar under tension; 
multiply the proof load by half the con-espouding elongation; or 
otherwise; multiply the modviua of resilienee by half the volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load travereea tlie centre of each cross-section of 
the bar. 

3. caifmwir Tarring TcmioH. — When the resultant of tba 
stretebiag load does not traverse ttie cetAre ot tt\e nvosa-aectiottj 

tie bar, tiie mteimty of the streaB wiii Be^aWA^ ■'jb.t^ »X. 



tectioajjL 
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rate ; and will be least at that edge of the section from whicli tbe 
resultant deviates, uad greatest at that edge towards which the 
resultant deviates. The mean intensily ■will be tbe same with that 
given by the Rules of the preceding Article. To find the ratio 
in which tlie greatest intensity exceeds the mean, proceed as 
follows : — 

Rule X. — Find the centre of magnitude oi the cmits-st/Avm us ia 
the Rules of pages 81, 82, 83, and 85. Then find its cenlre of per- 
cussion relatively t* the edge from which the resultant load deviates. 
(Seepages 165, 166, 167.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of mi^itiide. Divide the 
distance of the centre of magnitude from the edge towards which 

the resultant load deviates by the distance of the same centre from. 

the opposite edge. (In symmetrical sections this second quotient 
18 — 1.) Multiply together the two quotients, and to the product 
add I. (In symmetrical sections add 1 to the first quotient.) The 
Bum wUl he the ratio in which the greatest tntenidty of the stress 
IB greater than the mean intensity. 

4. BanliiBiice of Thin ShelU lo BnrulDg. — Let r denote the radius 

of a thin hollow cylinder, such aa the shell of a high pressuro 
toiler; (, the thickness of the shell; f, the tenacity of the material, 
in pounds on the square inch; p, the intensity of the pressure, in 
pounds ou the square inch, required to burst the shell. This ought 
to be taken at six times the efiective working pressure — effective 
f7-essiire meaning the excess of the pressure from within above tha 
iressure from without, which last is usually the atmospheric 
treasure of 14-7 lbs. on the square inch, or thereabouts. 

EtfLE XI. — To find the bursting pressure of a given thin eyliT^ 
dricai e/iell s make 



I 



Rule XII. — To find the proper proportion of thickness tc 
ir a ^vea ultimate tenacity and bursting pressure; 



/■ 



"Value of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbairn). 

Bulb SIII. — To find the bursting pressure of a thin sp/ierical 
afiell; take double the bursting pressure of a thin cylindrical shell 
(if the same radius, thickness, and material. 

EuLE XrV. — To find the least proper fttvcVo-esa fo-v w. 'Cko 
splierica] ^ell of a given material and radiuiB, ioi a. ^Meti.\«i.'e=^'>5>'fe 



>e 

i 
I 



ZOa BTREHOTH OF UATEB 

preaaure; take half the correGponding thickuesa for a cjlindrii 

abelL 

N.B. — When a cylindrical boiler has hemiapherical ends, it 
advisable to make them as thick aa the cylindrical barrel, notwi' 
standing that they are thereby made twice aa strong. 

Edle XV. — Suppose a shell of the figure of a Hegment ol 
sphere to have a circular flange round its base, through which il 
bolted to a flange upon a cylindrical shell, or upon another spheri 
shell. Let r denote the radius of the sphere, in inches; r", ' 
radius of the circular base of the segmental shell, in inches ; p, ■ 
bursting pi'essure, in ibs. on the square inch; then the number t 
dimensioua of the bolts by which the flange is held should be sn 
that the load required to tear them asunder all at once shall be 
3'U16r^p; 

and the flange itself should require, in order to crush it, the folti 
ing thrust in the direction of a tangent to it : — 

1 _ 

2^/ -Jr 



I J| 



If the segment ia a complete hemisphere, / = r, and \ 
expression becomes = 0. 

5, BcilMonce »t Tbick BbelU id BarMlnR.— Let R represeot 
external and r the internal radius of a thick hollow cylinder, « 
as a hydraulic press, the tenacity of whose material \&f, and wb 
bursting pressure is p. 

Rule XVI. — To find the bursting pressure of a given tt 
hollow cylinder; make 

Rdle XVII.— To find the proper proportion of ontside to ini 
radius for a given tenacity and bursting preaaure ; make 



?=v(^:)- 



The corresponding formulm for a l^iick hollow sphere are 

Eon xvm.- , = /■ ^^"^p'- 



Rule XIX.— 



K 



</mf)- 



& BnliMnce lo Shratliig.~In rivets, keys, pins, boltB, ti 
and other faateaingfi exposedtoa^e&im^atTe^i'CtiQgTQaltwLfl 
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of the stress is liaUe to become greater than, tlie mea.n mtensity, 
tUrougli unequal distribution. Tlie strengtli of fastenings, allow- 
ing for tliat inequality of stress, is to be made equal to that of the 
main pieces whicb they cODuect together. 

Bulb XX. — To find the strength of an easy-fitting Jizslening 
against shearing; multiply the sectional area by the modulus of 

strength; then take ^ of the product if the fastening is rectangular 

in section, or ^ if it i** circular or elliptical in section. 

For a per/eetlp tight-jitting fagtening the strength is the whole 
product just mentioned. Many actual fastenings ace intermediate 
between easy and perfectly tight fastenings. 

EuLB XXL — Ordinary dimensions oi rivets: — 

Dimaeter for plates leas than half an inch thick, about doublo 

the thickness of the plate. 
For jilates of half an inch thick and upwards, about once and 

ft-half the thickness of the plate. 
Lengtlt before clenching, measuring from the head = sum. of the 

thickness of the platea to be ctinuected + 2^ x diameter of 

the rivet. 

Rule XXI. a. — Rivetted JoinU. — Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
Loles ; or in symbols, — 

Let t denote the thickness of the plate iron; 
d, the diameter r>f a rivet; 

M, the number of rows of rivets transverse to the pull ; 
0, the^ifcAftiDin centre to centre of the rivets in one row; then, 

, -7854 n rP 



Each plate is weakened by the rivet holes in the ratio 
c-d _ -7854 n d 
' ' c ~ t + -7804 «d' 

In "single-ri vetted" joints, n = 1; in "double-ri vetted" joints, 
n = 2; in "chain-ri vetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch, e, is fixed; then 

„ {'-^' 

~ -7854 ci»- 
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7. Bdluance lo CDmpreaalan and Direct Ci'B 

to longitudinal compression, when the proof stress is not exceeded, 
is Hensiblj equal to the retjiataace to atretchiag, aad is expressed 
by the sajne modulus. "Wbeii that limit is exceeded, it becomes 
irregular. (See Rule VIII., iiage 206.) 

The present Article baa reference to direct and simple crushing 
onlj, and is limited to tbo^ cases ia vbich the pillars, blocks, 
Btruta, or rods along which the thrust acta are not so long in pr* 
portion to their diameter aa to have a sensible tendency to give way 
by bending sideways. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions ; 

Pillars, rods, and struts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought ii-on, in which the length is 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the fiules of this Section, from T. to TIT., 
and also Eule X (pages 206, 207), are approximately applicable, 
subatitutiiig thrust for tension, and using the proper modulus of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter ofi'er greater resistance to crushing than that given by 
the Rules; but in what proportion is uncertain. 

8. SiKHsiii of I.OI1K Siraiii and piiian. — Long stiiits and pillars 
give way by bending sideways and breaking across. Let F be tlie 
breaking load of such a pillar ;S, its sectioi^ area; I, its length; r, 
the least radius of ffi/ration of its cross-section (see page 154); /aad 
o, two co-efficients depending on the material; then 

Role XXII. — For a stmt or pillar fixed in direction at 

J - / 

Rule XXIII. — For a strut or pillar jointed at both ends; 



Rule XXIV.— For a 

at the other; 
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^^^^^F Values of the Constants. ■ 


^^^r 


LbE-onlheSquiroInsb. H 


■ Malleable iron 


36,000 36,000 ■ 


m CastiroD, 


£0,000 6,400 ^^1 


D17 timber, 


7,200 3,000 ^1 


Table op Values op 


r* FOR DiFFEBENT FOKIIS OP ^M 


Cross- Section. ^| 


Solid rectangle; least dimen- 


1 


Thin square ceU; side = A;,. 


A' --6. ■ 


Thin rectangular cell; 


A^ A + 3fi ■ 
13' A + & ■ 


breadth, 6; depth, h; 


Solid cylinder; diameter ^ A 


A^ ^ 16. ^M 


Thin hollow cylinder; dia- ) ,„ „ ^M 

Angle iron of equal riba; i 72 . 9i V 
breadth of each = 6; / 6-^34. ^ 


Angle iron of unequal ribs; 
greater, b, less, A; 




Oross of eoual arms ', .......... 


H-iron; breadth of flanges, 


h^ A 


b; their joint area, A J area 


13 A-i-B- 


trfweb, B; 


Channel iron; depth of 




flanges + ^ thickness of 


„ f A AB ) 


■web, A; area of web, B; of 


flanges, A; 




Barlow rail; cross - section 




composed of two quad- 




rants of radius B, mea- 




sured to middle of thick- 


R2 -f 7 nearly. 


ness, connected by a table 




of sectional area = joint 




area of quadrants x '373; 




Pair of Barlow rails as above, 
rivetted base to base ; 


■393 R^. 




Circular segment of radius 
E and length 2 K #j 


(1 cos_S_sin_*_sJn_Vl 




[ioiia|.M-f.-RuLB XXV— Collapiug 


I>ressure in lbs. on the square 


inoh = 


9,673, 


00 thickness* 


lengt 


li X diameter ' 


all the dim^'flsiona bein^ in i. 


e same umta oi mea.»H&. 


1 


i 
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WLen tubes are atiffenecl by rings, the length, in the rule is to 
be measured from ring to ring. 

10. Acllon of a TrausTcne Land on a Brora.— If the load COIlr 

aiats of several parts, find the resultant load by the Kules of Part 
T., page 164, and Part IV., page 153. Then find the Bupparting 
foreeg by the proper rule (XIX.) in page 163. 

BcLE XXVI. — To find the shearing actioTis exerted in a series of 
iutervala of tlie length of the beam : — 

Case I.— If the loaded part of the beam. projects outward frfim 
its point of support, and the load is applied at detached points, the 
shearing action in. the outermost interval is equal to the load at 
the outermnst point. 

To the shearing action in any ioterval add the load applied at 
the inner end of that interval; the sum will be the dovrawiKl 
shearing action in the nest interval inwards. 

For a, distributed load, in symbols ; let d a: be an interval of the 
length; w, the load per nnit of length; F, the shearing action at 
the distance a: inwards from the outermost loaded point; then 



= />-■ 



Case II. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the npwarf 
sheaiing action in the interval next one of the points of support 
is equal to the supporiiug force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; tlie remainder will 
be the shearing action in the interval next beyond. 

For a distributed load, in symbols ; let P„ be the supporting 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end; then 

Beuark. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebi-aical sign changiug from positive to 
negative. This is the point where the load divulea (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contmiy 
algebraical sign. Let I be the span ; P,, the supporting force at its 
further end; and Fj, the shearing action close to that end; tbeq 



F, = -P'~ TtDdx^- 



and this formula serves as a check on the accuracy of the ( 
tioaa by the preceding formula. 



D OS BEUf. 2l3n 

Hcle XX.VII. — To find the Lending moments exerted at a aeries 1 
' points iu the length of the beam. Multiply the length of each j 
iterval by the shearing action exerted in that interval; add | 
igether the products correaponding to tLe intervala which lie be- 
id of the beam and the point where the bending 

DDient ia reijuii'ed; the aum wiil be the required bending 

In symbols, let M be the bending moment at the distance a: froiijl 
16 end of the beam; then 



M= [^ 



Fdx. 



Remark. — The accuracy of the calculation of the bending 
iments at a aeries of pointa may be checked by trying whether 
the further end of the span the bending moment vaniHhea; 



M, = j['P<i 



RuiE XXVIII, — To find the greatest bending moment; take 
le bendiog moment at the point where the load divides; that is, 
here P = 0. 

For tables of the comparative values of difierent units of bending 
oment, see pages 104, 11 U, 113. 

11. EiplanHIlQB of Ihe Table of EinDiplca. — W, total lood; I, 

ngth of beam lixed at one end, or span of beam supported at both. 1 
ids; F, sheuring action, and M, bending moment, at diatttnce ai' I 
cm one end; a^j, distance from one end at wbioh shearing action '] 

greatest; k, ratio of greatest shearing action to total load W; 
jj, distance from same end at which F = and M = a maximum; 
I, ratio of maximum bending moment to "Wl. Tliat ia to say, 
(t Fj = gi-eatest shearing action, and M,, = greatest bending 
loment; then Fj = kW; Mj, - rnVf I. 

To transform the expressiona in the following table, Cases IV. 
I VII., which are suited for co-ordinates measured from one 
oint of support of a beam supported at both ends, into expreasiond 
lited for co-ordinatea measured from the middle of the beam, 
it c be the half-Bpan, and substitute 2 c for I, c ~ x for x', and 

+ a: for ^ — x' , thraughout the whole of that part of the 
tble. 

12. Trarelllns Load sd a Beam.— A beam of the span I is Sup- 

Drted at the two ends; a permanent load of the uniform intensity 
" (O lbs. per lineal foot is distributed over it An additional load, 
ich as the weight of a i-ailway train, of W Iba. -^i: \\i\ft^1iKsi., ^ 
.ually rolls on to the beam from one end, co'^e'cni^ '* ^^.Ns"^ 
end to end, and then rolls off at tli© ot\vei wii. 
mtiauatioa of thia Article see page 216.) 
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E.ULE XXIX. — ^The Greatest Shearing Action at a given croes- 
section occurs when the longer of the two segments into which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the perman^t 
load only. Let F' denote that action, and x' the distance of the 
section in question from the nearer end of the beam; then 

Let X be the distance of the cross-section in question from the 
middle of the beam, and c the half-span; then 

V = wx+ — ^ ^. 

4:C 

The Greatest Bending Ifoment at a given cross-section occors 
when the whole span is loaded with the travelling load, and is 
therefore given by Case VI. of the table ; viz., 

_ (w + w') x' {I — x) _ (w + v/) (pg — a^) 
•^— 2 ■" 2 • 

Kemahk. — If the travelling load is liable to rush suddenly on to 
the bridge, like a swift railway train, its actual weight should be 
dovhled in taking the value of v;', in order to reduce it to the 
equivalent steady load ; and when this has been done, the factor of 
safety employed in fui-ther calculations may be that suited for a 
dead load. 

13. The moment of Resistance of a Beam at a given cross-sectiou 
ought to be at least equal to the greatest bending moment. 

Rule XXX. — In a skeleton beam, consisting of stringers and 
braces only (see ^g, 72, page IGD), to find the moment of resist- 
ance at a given joint; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicular 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

Rule XXXI. — In a thin-webbed beam with parallel flanges 
along the edges of the web (in other words, of a thin- webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed) ; then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
Ganges; the final product will be tbe required moment of resist^ 
^nce, approxiTnatdy, In this iiiet\io^ \SAa TCksysasn^ ^1 \«^t&uce 
of the web is neglected. 



N.B, Por the beat economy of material, the two products first 
mentioned should he equal to each other. The crosii-Bectioa of the 
beam is then said to be of equal etrengt/i. 

Edle XXXII.— In a solid beam, to find the moment of 
resistance at a given cross-section : — 

Step 1. — Find the •neiUral axis of the cross-section by taking its 
centre of magnitude (see pages SL to 84), and drawing through 
that point & Btraight line pei-pendionlar to the plane in which tho 
bending of the beam takes place. 

Step 2. — Find the geometriccd moTitenl of inertia of tho cmss- 
section relatively to its neutral asis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the ai-ea of 
each strip by the square of its distance from the neutral axis, and 
adding the products together, {In Rules I., II,, and III. of page 
154, put "cross-section" for "body," and "area'' for "mass," 
and those rules become applicable to the preaeat purpose.) la 
symbols, let y be the distance of any strip from the neutral axis ; e, 
italengthparallet to that asia; dj/, its breadth; and I, the geometri- 
cal moment of inertia of the section; then I = i y" xdy {=1)1 b}^, 

■where h is the breadth, A the depth, and ji' a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of tho aeotiou relatively to ita neutral asis (see 
page 211); thenI = T^S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by tile greatest diatance of the stretched particles of the cross- 
section from the neutral asis, and the gi-eatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross-section; the product will be the 
rtKjuired moment of resistance. 

In aymhols, let j/, and y^ be the greatest distances of compressed 
and stretched particles from the neutral asis; /^ and /„ the greatest 

safe thrust and tension on those particles respectively; let — stand 

for the lesser of the two quotients, — , -■; then the moment of 

reaiatance is /■ t 

M=-^-Li = M/,6A«; 

y, '^ 

where wis a factor depending on the form of cross-aection. Another 
expression for the moment of resistance is as follows : — 
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in which S is the area of the cross-section^ and q a suitable 
uumerical factor. 

For the best economy of material, the two quotients ought to be 
equal) that is to say. 



/x 






/;+/. 



This gives a cross-section of equal strength. 



Examples of the ITumebical Factobs. 



Form of Cro6S-Seotlon& 


** -6 A- 






T. Kfictancl^ ^ A^^.f....T.T.ttt..t ) 


1 
12 


1 
2 


1 
6 


(indnding square) ) 

IL Ellipse— 

Vertical axis ^ ) 

Horizontal axis &, > 

(inclnding circle) ) 

1 IL Hollow rectangle, 6 h^-h'hf'A 
also I -formed section, 
where 6' is the sum of the - 
breadths of the lateral 
hollows. J 


IT 1 

64~20-4 
= 0491 


1 
2 


•r 1 
32 10-2 
= 00982 


1 f^jyh-\ 

\2V bh*J 


1 
2 


6V bh^J 


IV. Hollow Bonare, ) 
A'-/?' i 

V. Hollow ellinse. 


12 V^ h*J 


1 
2 


6 V* AV 


1 / 6'A-x 
20-4l^ bh* J 


1 
2 


1 / fc-A-x 
10-2V.^ 6A»y 


VL Hollow circle. 


20-4 V^ h*J 


1 
2 


^ ri *"^ 

10-2V. A*y 


VJJL Isosceles triangle; base h, ^ 
height h ; yi measured > 
from summit, ) 


1 
36 


2 
3 


1 

24 



BTBXSOTB or BEAMS. 

Form of Ckoss-Sectiost. 

I. Hectangle, 

11. Ellipse and circle, 

IIL Hollow rectangle, 

a = bh -~ b' h'; also I-ahaped 
section, b' being the sum of 
the depths of the lateral 
hollows, 






IV, Hollow square, S = h? - h\... 

V. Do., veij thin (approz.), -s, 

VL Hollow effipse, K'-^X'-S) 

TIL Hollow circle, ^. fi + '''"'\ 

VIII. Do., very thin (approx.), ^ 

4' 

IX. T-shaped section; flange A, C fO + 4 A 

web 0; S = A + C (.pprox.), 6 (0 H- A) (C + 3 A) ' 

X. I -shaped section; flanges A, B; 
webC;S = A + B + Cjthe 

X. A. Do., do., the beam sup- 

g)«Kltogiv,w.j-.ltb.anngej,„^^^ j™ ,3^5 

^ (•!'''"''■ ■ -6 (04.2A)( aTBTC) ■ 

SI. I-shaped section; with equal 
flanges; A = BjS = 0-h3A 
(approx.), 6 ^ 

14. crMs-Srciiana cr EqHHi sinngih have already been mentioned. 
The following nilea are applicable where the beam is I-sha\)ed,<aa^- 
eisting of a vertical web, rectangular or ueaTAy ao m wjtfiuMiiVvfiti. 
flang'es ofamall depth compared with th6de5&otftia'^«Jo,'c«tai»% 
^ong its upper and iower edges. 



^BJS = 0-h3A 1 a ^ 4A \ 

6 l,"- "^ C + 2 AJ' 
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Let fa be tlie greatest safe thrust; y^, the greatest safe tension; 
ya and yi^ the distance from the neutral axis to the centres of the 
compressed and stretched flanges respectively; ^ = y^ + y^, the 
depth between the centres of the flanges; A and B, the sectional 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

Rule XXXIII.— ^ greater than ^ (as in cast iron). Given, 

A, C; to find B; 

B zz:-^ A ^--^^^^ C. 

Kemark. — The moment of resistance is 

M = A{/.A + (2/._/.)J} = ;i{/»B-(/.-2/;)J }. 

In practice, A^^ B is often used as an approximation to this 
moment. 

Bule XXXIII A.— ;^ less than^i (as in wrought iron). Given, 

B, C; to find A; 

A =-5 • B +'^^- C. 
Hem ARK. — The moment of resistance is 
M = a{/.B + (2/»-/,)^} = a{/.A + (2/.-/.)^}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liongitudinal Sections of Equal Strength. — BULE XXXIV. — 

To give a beam a longitudinal section of equal strength, make 6 A*, 
or h S, at different points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, A, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionaDy 
to ^/ M ; or let S be constant, and make K vary proportionally 
iolA. 

16. AUowrance for Weishi of lleam^-'R.\5\A XXXV. — LetW 

be the external working load, dead,\\ve, OTTQiV!L^,o\i%.\i«M«L\ <,\^ 
proper Ikctor of safety; and let 8 \ie \»\ie ia.c\«t oi «a^^Vj ^^^ ^ ^^^ 
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load. Having fixed the depth beforehand, calculate a protnsional 
breadth, or a provisional sectional area, suited to bear safely the 
external load alone; and thence compute a provisional weight for 
the beam, — say B', Then increase the breadth, or the sectional 
area, in the foUowing ratio : — 



s'W ^sB' 



and the beam will safely bear its own weight in addition to the 
given external load. 

KuLE XXXVI. — Given, the span I, weight B, and external 
working load W of an actual beam of a given sort ; to find the 
limiting span, L, of a beam of the same sort, and with the same 
proportion (A -r ^ of depth to span, which will just bear its own 
weight safely and no more. 

^ = ^ ' — TB 

KuLE XXXVII. — Given, for a certain sort of beam, with a 
given proportion, ^ -^ ^, of depth to span, the span I, and the 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B s' I 



W s L — Z 

17. Deflection of BeaniB.— RuLE XXXVIII. — To find the curv- 
{Uure (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the material. In symbols, let r be the radius of curvature; then 

1 _ M 

Case II. — The cross-section under its proof stress. Divide the 
proof stress {fj) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 

I = -^1- 

r E yl 
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In cross-sections of equal strength the proof conratare is 

1 _fa +/, 

r" EA ' 

BuLE XXXIX. — To find the slope of the beam (originally level) 
at a given point. Divide the length of the beam into small 
intervals (d x)] multiply the length of each interval by the curva- 
ture at its centre (giving the product — j ; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the sum 

u = / — j will be the required slope. 

Rule XL. — To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product i d ac); add 
together those products for the intervals extending between the 

highest and lowest points of the beam, the sum (v = j id x) will 

be the required deflection. 

The preceding is the general method The following are special 
rules ^ — 

Let c be the Jialf-span of a beam supported at both ends, or the 
length of a beam fixed at one end ; h, the extreme depth, and 6, the 
extreme breadth of the beam; W, any given load; j^, the proof 
stress ; or/„,the proof thrust, and /t, the proof tension, in cross-sections 
of equal strength ; m' h, the distance of the most severely strained 
layer from the neutral axis; n b h^, the moment of inertia of the 
greatest cross-section; m", w", m"', n"\ numerical multipliera. 

BuLE XLI. — Steepest slope under proof load; 

KuLE XLII. — Proof deflection; 

^ lEim' h' \ E A / 



BuLE XLIIL — Steepest slope under a given load, Wj 

. _ mT' Wc2 

IluLE XLIY. — Deflection under a given load, W; 



OJ*. = 



"an'bli^ 



DEFLECTIOK 




Case. 

A. Unitobm CROss-SEcnoH, 


Proof Load. Given Lrad. 

Factors for Factors for 

Slope. DeBecdDn. SIothi. fkQBCtioo. 

n" n" Bi" n'" 


L Constant Moment of Flex- ) 


' I 

1111 

2 3 2 5 

1111 

J 1 6 8 

1111 
5 3 4 6 


IL Fixed at one end, loaded 1 


III. Fixed at one end, uni- 1 


rV". Supported at both ends, ) 
loaded in middle, j 


Y. Supported at both ends, 1 
uniformly loaded, J 


2 6 15 

3 12 C 48 


R FniPORM STBEHaTH AHD UNI- 
FORM Depth. 




(The curvature of these is uniform). 




VI. Fixod at one end, loaded 1 

at other, f 

VIL Fixed at one end, uni- [ 

fonnly loaded, j 

VIIL Supported at both enda, ) 
loaded in middle, / 


■ I ■ I 


' 2- 2 J 

• I I 1 


IS. Supported at both ends, ) 
uniformly loaded, j" 


' I 1 I 


C. TJifiroEM Stkenoth and TJni- 
FOKM Breadth. 




X. Filed at one end, loaded ) 
atother, / 


^ I ^ I 

Jlnito 1 mfinito ! 

2 I 1 I 


XI. Fixed at one end, md- 1 . 


XII. Supported at both ends, 
loaded in middle 


Aiil. Supported at both ends, , ^_„„ " H 
uEiformly loaded, ...;!;} I'^^OS O'fi708 0-3927 0-1427 ■ 


^ 


M 



STRENGTH OF MAIEErALB, 

KuLB XLV. — Given, the half-apan, c, and the itUended prmf 
de/ledion, «„ of a proposed beam; to find the proper Talue of the 
greatest depth, Aq; make 

(taking n" from the preceding table, and making m' fij, as before, 
denote the diatanee from the layer in which the streas '\»fi to the 
neiitraJ axis.) 

If the croaa-seotion is tn be of equal strength, make 



K = 



'JA±f^ 



Rule XLTI. — To deduce the greatest atreea in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the Eection of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stresa is required ; — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam srapported at one end; 
m", the factor for proof deflection, already explained; 
£, the modulus of elasticity of the material; 
V, the observed deflection; 
then the intensity of the required stress ia 

Ewf 

Rule XLVIL — To find the regUienee of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. ConUnuoni Glrtlen.~In the foUowing rules the girder 19 

supposed to be of uniform cross-section, and to be continuous over 
two or more piera. The half-span of one bay is denoted by c; the 
fixed load per unit of span by w; the travelling load per unit of 
span, if brought on slowly, by icf; if the travelling load cornea on 
suddenly, «/ nmst be understood to stand for the equivalent dead 
load; that is (uricethe actual travelling load per unit of spaa. The 
moment of resistance of the uniform cross-section is to be adapted 
to the moat severe bending moment. 

Edlb XLVIII. — To find the bending moment at mid-span 
(M(|), and the reverse bending moment over each pier ( — Mj), when 
every spaa is loaded with the travelling load; 

Ma — TT , — aVi- ^ - 



GuLE XLIX. — To find the said bending moment when the span 
under consideration ia loaded with the travelling load and the 
adjoining spans with the weight of the bridge only; 



_^ { u, + 2w')c- 



-Ml 






Every coutiuuous girder bridge has two end hays at which the 
continuity stops; and these must be of less apau than the inter- 
mediate bays. 

Bole L. — The proper span of an end bay should be not luaa than 



I 



V^ 



-(" 



it will he too light); and not greater that 
[ov it will he too weak). 



XLIV., page 223, with the following values of the multipli 



3 («7 -I- ^)j 
To calculate the proof dejleclion of continuoua girders, use Rule 



Every span fully loaded,... 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two following ikctors, 






8M + 4to' 



19. , 



! the rib, of iron or 
e of the form of a parabola. 



lib*. — In the followino 
timber, is supposed to have ite centre li 

of the half-spun, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary s-S the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
fi<i h A; q being the mjiltiplier of which values are given in page 
'", The uniform fixed load per unit of span is denoted by vi; 
the travelling load per unit of afian, if gisdually put on, by ttf; 

suddenly put on, w' denotes twice the actual travelling load per 

lit of span. The rib is supposed to be jointed at the crown and 

the springing. 

Hole LI. — When the rib is fully loaded, to find the horizontal 
tluiist (II), and the intensity of the stress {ji). 



H= 



(w + wO^. 



I> = 
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Rule LII. — ^When one-half of the span only is loaded with the 
travelling load^ the horizontal thrust is, 

Also, let ^j-^ = M' j then the greatest intensity of stress is 

Eemark. — That greatest stress is compressive; and is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the outer edge of the loaded half. 

Rule LIII. — Given, the greatest safe stress, fa', to find the 
proper area. A, for the rib at its crown ; calculate the two follow- 

M' 

ing quantities: H as in Rule LI.; and H' + — r* as in Rule UL; 

o fit 

divide the greater of them by^^ > the quotient will be the required 
area. 

20. sciflening ctirder.— RuLE LIY. — To find the proper momerU 
of resistance for a stifiening girder for a suspension bridge; calcu- 
late M' as in R\ile LII. The greatest shearing auction in that 

girder is -r— . 

The stiffening girder is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike above 
and below. 

21. Kesistance to Twisting. — ^Let h be the external diameter of a 
shaft; h', the internal diameter (if it is hollow);/', a modulus of 
stress. 

Rule LY. — Moment of resistance of 

a solid cylindrical shaft, •! 9 6 /' A^ . 

a hollow cylindrical shaft, ....0*196/' • t — ; 

a solid square shaft, 0*28/ h^. 

Rule LYI. — To find the thickness of a shaft which shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, h = A / ( ,q^ , j ; 

hollow cylindrical shaft, h! = nh; h= aV ( q'196 (1— n*\/' A 

solid square shaft, a = >w \^.«^^ x y 
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Stress in Lbs. on the Sqnare Inch. 
Breaking. Working. 

Cast iron, 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

Rule LYII. — When bending and twisting actions are com- 
uined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
I'esist the following twiating moment : — 

M + V (M2 + T2). 

Rule LVIII. — The angle of torsion of a bar, whether cylindrical 

2 f I 
or square, when under the proof stress /' , is ^ . ; in which I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22, Backied Piatea.— RuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it ; the 
plate being square, and fastened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about -x of imif brmly distributed load. 

23. SaBpeiiBion Bridges. — As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

Rule LX. — Given, the working horizontal tension, H, the half 
span, a?, and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

Ha: 

For the strongest wire cables, make C = . ^ ^ ; 

Haj 

For cable iron chains, make C = -oTTnTT-?— r • 

3,000 feet 

Then for a chain or cable of uniform cross-section, the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area varying as 
the tension) the weight of a half-span is 

For eyea and fasbeniDg^ of links, add one-e\^^ ^ Xkfc\» ^«v^^ 



2^0 



PART VII. 

MACHINES IN GENERAL. 
Section I. — Eules relating to the Comparison op Motions. 

1. motion of a PoUit. — ^As to measures of speed of advance, or 

linear velocity, and of speed of turning, or augular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in feet 'per second, and 
angular velocity in circular measure per second. l2near velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resiUtant of those two motions 
is the motion of 3 relatively 
tol. 
p. gg "* , Rule I. (See €.g. 86.)- 

^* * Given, the velocity and direc- 

tion, A B, of the motion of a point, A; to find the componeiU of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X j A C will be the required component. In symbols; 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) -with 
a given linear velocity (v) ; to find the amguiar velocity of rev<diUion, 
divide the lineai* velocity by the radius. In symbols; 

V 

a = -. 
r 

Rule IIL — In the same case, to find the rate of devicUum; 
divide the square of the linear velocity by the radius; or otherwise, 
multiply the square of the angular velocity by the radiua In 
hjrmbohj 

rate of devia-tiou = ~ = ij? t. 

T 




2. TnuniaiioB *f n KiBid BaUr is that kind of motion in 'which 1 
all points in the liody move with equal velocitiea and ill paraHul 1 
directions idong equal and similar paths, straight or cnrred. [ 

Kou: IV. — During translation the relative motion of two points I 
in a rigid body ia = 0. Their coTnparative motion at any instant 1 
consists in equality of speed and identity of direction. 

3. Baiuiaa of b BiKid B«dr.— KuLE V. — Given, an axis o£ 
rotation in a rigid body, and the angular velocity of rotation; to 
liud the direction and velocity of the motion of any point in tba 
body. Let fall a perpendicular from the point on the axiaj the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

Rule VI. — Given, the linear velocity of a point ia a rigid body 
rotating about an nsia; to find the angular velocity; divide the 
linear velocity by the peqieudicular distance of the point from the 
axia 

KuLE VII. — Given, an axis of rotation, and two points not iu 
that axis; to find the cwnjwirfflfitre wioiioji of those two points. The 
ratio of their velocities, or velocity-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

Rule VIII. — A rigid body moves parallel to a given plane, and i 
tie directions of motion of two points in it are given; to find its \ 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plat 
of motion, take their projections on such a plane (A, E, iu figs. 87, 
83, £9); the motions of those projections will be identical with 



^^Z 




those of the original points. In each iigiire the ari'ows represent 
the given directions of motion of the points. 

Case L — Directions not parallel (lig. 87). Perpendicular to tho 
given directions, draw A O, B O, cutting each, ottet m *i-, 'Ocra ^ 
required axis will traveiae 0, and be ^lerjieiiiiicaVM to ftifc -^^-t*! «f 
motion. 
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Case II. — Directions parallel to each other, and not perpen- 
dicular to line of connection, A B. In this case the motion is one 
of translation, and there is no axis. 

Case III. — Directions perpendicular to A B. (See figs. 88, 89.) 
In this case the problem is indeterminate unless the velocity-ratio 
of A and B is given. Then draw A Ya, B Yj, in the directions of 
motion of A and B, and bearing to each other the given ratio; draw 
the straight line Vo Vj, cutting A B (produced if necessary) in O; 
this will give the position of the required axis. 

Bemark. — The axis found by Rule VIII. may be either per- 
manent or instantaneous. 

Rule IX. (See fig. 90.) — In a body rotating with a given 

speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A. On A B let fall the per- 
pendicular O B, and multiply its length 
by the angular velocity. 

4. Motion of Rigidlj-Connected Points. — 

A pair of points, A and B (fig. 91), are 
so connected that their distance from each 
other, A B, is invariable. 




Fig. 90. 




Fig. 9L 



Rule X. — Given, the directions, A a and B h, of the motions of 
a pair of rigidly-connected points at a given instant ; required, their 
velocity-ratio. Di-aw the straight line of connection, A B, and 
produce it if necessary. Then lay off in it any convenient equal 
distances, A C = B D. Through C and D draw perpendiculars to 
the line of connection, cutting A a and B 6 in E and F. Then, 
velocity of A : velocity of B : : A E : B F. 

^ JPoinu in Sliding Contact.— In. ^%, ^'2 \^\. Jk"^ «Vi^ Ci D repre- 

^eni a pair of smooth surfaces movm^ m ^\^\i^Wi»TiXa5:i^^«si^\i^, 
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T mark the position of the pair of particles which at a given 
instant touch each other. 

KuLE XL — Given, the directions T V^ 
and T Vg of the motions of the con- 
tiguous particles ; to find the ratio of their 
velocities. At the point of contact 
draw T U of any convenient length 
normal to the two suifaces at that point. 
Through U draw U V^ Yg parallel to 
the common tangent plane of those sur- 
faces, and cutting the directions of motion 
of the contiguous particles in Vj and Y^ Then velocity of 
particle 1 : velocity of particle 2 : : T V^ : T Vj. 

Section II. — Rules relating to Mechanism. 

1. Boiling Contact. — The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Rule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : b. To find the position 
of the line of contact of the pitch-surfaces; let c be the line of 
centres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 



Prom the axis about which the angular velocity is as a; 
From the axis about which the angular velocity is as 5 ; 



he 
a + b' 

a c 
a + b' 



In other words, the radii are inversely/ as the angular velocities. 

Rule II. — A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece ; to find the linear velocity of the sliding piece ; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch-surfaces. 

Rule III. — Given, the ratio of the angular velocities of two 
conical or smooth bevel wheels about their axe^ l^\5^.0tt.\s:i&^\».<3Wb 
point); to £nd the line of contact oi t\i© i^SX.K3ii-«vMi^^^ ^"^ '^'^'*^ 
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Fig. 93. 



wheels. In fig. 93 let A, O C be the two axes, intersecting in 
O. Lay off on those axes, O a, O 5, respectively proportional to 

the angular yelocities of the 
wheels which are to turn about 
them. Complete the parallelo- 
gram O b c a; the diagonal 
O c (produced as far as re- 
quired) will be the line of con- 
tact of the two pitch-surfaces; 
and those surfaces will be 
cones made by sweeping that 
line round the two axes respectively. 

2. Skew-Berei iFhceU.— The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersectiog. 

Rule IY. — ^The dii'ections and positions of the axes being given, 
and the required angular velocity-ratio, a : 6, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In ^g, 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 6 || A B, 
c d\\0 T>, in which take lengths in 
the following proportions : — 

a :b \ :h p \h q] 




Fig. 94. 



com})lete the parallelogram hp e q, aud draw its diagonal, e hj; 
the line of contact, E H F, will be paraUel to that diagonal. 

From p let fall p m j^erpendicular to h e. Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation. 



A e : e w : 7/i A : : G K : G H : K H ; 

and the two segments thus found will be the least distances of the 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the line 

E H F about the axis A B, with the radius vector G H; the 
second, by the rotation of the same \\xv^ a)oo>\\. \iVift wL\a C D, with 

tlie radius vector H K. 



, Teeih of WTiecto,— Edle Y. — To find the least UUckneea | 
iniitable for {he teeth of a, wheeL Divide the pressure to be trans- j 
uitted by 1,600 Iba,, and extract tte square root of the quotient J 
tor the thictneaa on the pitch-circle in inches. 

BuLE VI. — To find the least pilch suited for the teeth ol 
Biultiply the least thickness on the pitch-line by 2J. 

RuLB VII. — To find the least breadth suited fiir the teeth of a I 
wheel; divide the pressure to bo transmitted, in lbs., by 160, and 1 
by tiie pitch in iccheaj the quotient will be the required breadth 1 
*D inchea I 

EnLB VIII. — To find the proper circumference for a ■wheel;! 
jmultiply the pitch by the intended number of teeth. 1 

Bulb IX. — To set out involute teeth. In fig. 95 let 0^, C^ be J 
the centres of two circular wheels whose pitch circles are B^, B^ J 
Through the pitch-point, I, draw the intended line of conneotiontM 
"Pj Pg, making the augle GIV = 6 with the line of centres. Thia I 
mgle iB usually about 75°, From Cj, C^, draw 

CTPi = rCi ■ Bin », Cf P; = TG.^ ■ sin S, 
perpendicular to P, Pj, with which two perpendiculars as radii^l 
describe circles (called base circles), D^, Dg. The proportions of] 
the triangles, Cj I P^ Cj I P^, are in 
practice nearly as follows : — 

65 : G3 : IG : : I C ; C P : I P. 
Make a circular mould of the figiire of one 
of the base circles, D; wrap a cord round 
the edge of it; make fast one end of the 
«ord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
point will trace the figure of a tooth 
the wheel to which the base circle 
Iwlongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the j((iiA o/coniod of the teeth ; 

lay off a distance equal to the pitch > 

P, Pj in either direction from I. The distance of the tip of a tooth I 
of either wheel irom the centre of that wheel is equal to the dis- ' 
tance froni that centi-e to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with. t,\ift ivcet'ivow <S. tqkiWso. 
of the rack, angles equal to the before-ment\Qn»4 a."&^e 4. _ 

The imallese jmsible nwmber of inyol-nte Veettma. ■^vsip.-o. ■«. "" 




(say = ^ pitch), along i 
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whole number next above 2 «• tan 0, When tan ^ = t^ that 

10 

number is 25, 

Rule X. — To set out epicycloidal teeth. Make two moulds of 
the figure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the describing circle, with a 
tracing-point in its circumference j the usual size of the describing 
circle is such that its circumference is six times the pitch, and its 
radius therefore = pitch x 0*955. To trace the ^awA;s of the teeth, 
roll the describing circle inside the concave mould ; to trace their 
fcbces, roll it outside the convex mould. 

In fig. 96 let B B be the pitch-circle; C I C, part of a radius of 

the wheel ; B, the describing circle 
when inside the pitch-circle; B', 
the describing circle when outside 
the pitch-circle. On the circum- 
ferences of the describing circles lay 
oflr I D = I D' = the pitch; D will 
be the inner end of the flank of a 
toothy and D' the outer end of the 
face of a tooth. 

All wheels having epicycloidal 
teeth set out with the same pitch 
aud the same describing circle work 
accurately together. 

The smallest practicable pinion 
haviog epicycloidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the describing 
circle. According to usual proportions, it has twelve teeth. Their 
flanks are radial straight lines. 

BuLE XL — To set out ap- 
^ ' \s proximate epicycloidal teeth; 

let p denote the pitch, n 
the number of teeth in the 
wheel. 

In ^g, 97 let B C be the 
part of the pitch-circle, A the 
p.. 07 point where a tooth is to 

^' cross it. Set oflT A B = A C 

P 
= ^. Draw radii of the pitch-circle, D B, E C. Draw F B, C G, 

makiDg angles of 75^° with those radii, in which take 




Fig. 96. 




P. 



CJF= r, 



71 



V, 



2 n + 1-2 



^> CCj = - 



•a 



'JL u - Vi 



Bound P, with the radius T A, draw the circular arc A H; thur.^ 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K.^ this will bo the flank of the tooth, 
(See Willis On Mechanism.) 

i. Bcrem. — ECLB XII, — To find the advance of a screw corre- 
[ sponding to a given numher of tumsj multiply that number by 
^^e jntch (measured paiwllel to the axis, between corresponding 
Joints on two successive turns of the thread) 

Kdle XIII. — Given, the pitch of a screw, to find the obliquity 

ff the thread to the axis at a given distance fiom the asia; 

[i multiply that distance by 62832 (so a'3 to hnd the corresponding 

citviiimferetice), and divide by the pitch, the quotient will be the 

tangent of the required obliquity, 

KcLE XIV. — To find the normal pitch of a screw (measured 
etpendicularly to the thread) at a given distance, r, from the axis; 
pbe the pitch; then 



I 



Normal pitch = 



V(*- 



r^p__ 



fy<)- 



f Buu: XY. — To make two screws of given numbera of threads j 
ttid given cylindrical pitch -surfaces gear togetlier; make the j 
termal pitches of the screws proportional to their numbers of 1 
pireaJs, and the angle between their axes equal to the sum of the f 
raliquities of their threads, if both are right-handed or both left- I 
sanded ; or equal to the difference of those obliquities if one scr 
s right-handed and the other leiVbanded. 

H.B.— The angular velocities of two gearing screws are inveraely ( 
IS their numbers of threads. 

5. Puller* nnd Bsndi (whether belts, cords, or cliains). — EutS . 
' XVI, — To find the ratio of the speed of turning of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the baud; then the , 
speeds of turning will be inversely as the radii. 

EuLE XVII. — To design a pair of tapering speed-conea, so that 
the belt may fit equally tight in all positions. 




Case I. — Belt crossed (fig. 98), Use a. pair of equal and similar 
»nea tapering opposite wajB. 

Case II. — Belt uncrossed (fig. 99 ) Use a pair of equal and 
Bimilar couotds tapering opposite vaje, and bulging in the middlo 



according to the followitig formula: 
between the axes of the conoids; t,, the radm; 
each; Tj, the radius at the smaller eudj tht 
middle, Tq, ia found as follows : — 



denote the distance 
at the laj^er end of 
n the radius in Oit 



'^'^ 



6 -28 



6. liinkwnrk. — W heu two pins are connected together by a /ini 
or aonnecliTig-rod, to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of tlie pins as a pair of rigidly-conneot&2 points. 

Wlen the points thus connected move in one plane, use Rale 
VIII. of the preceding Section to find the instantaneous aansof ths 
link; the velocities of the connected points will be pi-oportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows: — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre4ine of the link, and the other two 
sides respectively perpendicuiar to the directions of motion of the 
connected points^ the last two sides will be proportional to the 
velocities of those points. 

F-TiMPi.T! — Crank and Piston-Rod.—ln fig. 100 let R T^ bo a 

piston-rod; T„ its head; C T„ a 

~ crank; T^, the crank-pin ; T, Tj, 

the coonecting-i-od. Tfarou^ T[ 

draw Tj E perpendicular to H Tp 

and produce T^; the interaeo- 

tion, K, of those straight lines 

will be the instantaneous centre 

of the connecting-rod; and if Oi 

and Vg be the velocities of T| ana 

Tj respectively, u^ ■ r^ : : K I, : 

K Tj : — or otherwise ; throngll C 

draw C A perpendicular to R T|, 

and cutting the line of connection, T, T, (produced if neoeasaty) in 

A. Then u^ : t>, : : C A : C T„, 

7. PuBiiri loinusa..— Rule XIX.— Given (in fig. 101), the line 
of motion, G D, of a piaton-rod, the middle position of its hyad, B, 

and the centre, A, of a lever ■whio\i, i.n,\t» vniddte position, A D, 
petpendieular to !> Q; to fiuA fbe ro;iiMa o? "iie \fset,wi 'OqjA 
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link connecting it witli B shall deviate equally to tlie two sides of 
G D during the motion; also, the length of the link. 

Make D E = i stroke; 
join A E; and perpendicu- 
lar to it, draw E F cutting 
A D produced in F; A P 
will be the required radius. 
Join F B; this will be the 
link. 

BuLE XX. — Given, the 
data and results of Bule 
XIX.; also the point, G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L ; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join AH, and produce it 
till it cuts L K G in K 3 this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for practical purposes. 

Rule XXL — Given (in ^g, 
102), the Tnain centre^ A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the mam linJs, F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- ® 
quired to construct a parallel ^ 
motion oonsistiDg of a parallel- 
cgtum, CEDF (in which C E r-. E T> la caX\fe^ ^Saa «p«ro»^ ^^'^ 
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and D E = F C the back link), and & radius lever, or bridle, H E, 
jointed to the angle E of tlio jiarallelogram. 

Draw the straight line A B, cutting the back link D E in G ; 
then by Itule XX. find the lever H E, Guch that the middle and 
extreme positions of G shall lie in one straight line, 

(The point G shows where a pump-rod may, if convenient, be 
jointed to the back link). 

8. Biorka snd Vaekie.— B.I7LB XXII. — The ratio of the Velocity 
of the /all of a tackle to the velocity of the -moving blade is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

'd. FUtona-^The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. Tha sti^oke of a piston 
moving in a straight line may be measured along the lino of motion 
of any point in the piston ; when it moves in a circle the atroko 
is to be measured on the line described by the centre of the area. 

Role XXIII.- — To find the volume swept by a piston jjer stroke; 
multiply the stroke by the area. 

BuLE XXIV. — Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocitiea; take the 
reciprocal of the ratio of their areas. 



1. General Princlpleb — In B. machine moving at an uuifonn 
Speed the driving and resisting forces are balanced. If the speed 
is varied, bat in such a maimer that the variations are periodic, the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The enei^ exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions. As to 
units of work, see page 103. 

2. CoupDuiiiDa of Work Done— To compute the quantity ot 
■work done ; — 

EuLE I, — When a weight is lifted to a given height: — multiply 
the weight by the height. 

Rule II. — "Wlien a body shifts through a given distance agunst 
a given force; — 

Case I. If the force is directly opposed to the motion (being % 
direct resistance), multiply the force by the distance movodj 

Cose II. If the force is obliquely opposed to the motion; either 

resolve the force into a resiMance directly opposed to the niotiop, 

and a lalertd force perpendicular to the motion (see page 160, Rule 

VIII.), and multiply the retftataTuMi '\i!j Oae iisSfwice moved; or 

ViAentnse: — resolve the motioa hAo o. dvrecl convpimfiiJ, iaiii^*j»A 



WORK — iaJEUGY— POWER — EFFICIEKCT. 1 

to the entire fotce, and a Cransva-se component at right angles 
it, and multiply the entire force by the direct component of the 
motion. (In syintMils, let F be the force, s the distance moved, 
tf the angle of obliquity; then work done = F« cos tf). 

KuLB III. — When a rotating body turns through a given angle 
against a resisting couple of a given moment {aee pp. lOt, 161) ;^^ 

Multiply that moment by the extent of turning in circular 



EuLE IV. — When a piston movea against a. pressure of a given 
intensity (see p. 103):— 

Multiply that intensity by the volume gwepl by the piston. (See 
page 238, Enle XXIII.) 

Eemahk. — The unit of volume and unit of intensity should ba 
adapted to each other, so that the product of their numbers may 
express units of work. For example ; — 

linlloriotuDsltj. TTnlt of Volnnio. TJnilotWort 

Lbs. on the square foot. Cubic foot. Foot-pound, 

Lbs. on the square, inch. j x^f^x^'L ] ^°- 

Lbs. on the ciixiular inch. | i^^J^^f ^^ \^^ \ do. 

tSilo. on the square mEtre. Cubic mBtre, KilogrammBtre. 
3. CanpaiBilon af Eucrgri Power, ddiI EOlciency. — (I.) When a. 
ven weight descends through a given height, or (II.) a given 
roe drives a body shifting through a given distance, or (III.) a 
rtating body is driven by a couple of a given moment, or (IV.) 
piston is driven by a pressure of a given intensity, the rules 
« the same as in the preceding Article; except that for remtanee 
to be put g?or(, or driving force, and for work done, energy seerled. 
For stored or potential energy, use the same rules, substituting 
loesible for actut^ motions. 

Bin<E V. — To find the energy which must be exerted to make 
\ machine perform a given motion at an uniform or periodical 
meed against given resistances. Find, by the rules of the preced- 
bg article, the quantities of work done during the given motion 
igaiust the resisting forces, and add them together; the sum will be 
ue total work done, to which the energy to be exerted will bo equal 
As to'T'ower, see page 104. 

Bulb VI. — To find the EJicieney of a machine; distinguish the 
aistances, and the work done against them, into useful and waele- 
fiU; then divide the use/ul work by the total work; the quotient 
irill be the efficiency. 

BDI.E VII.^To find the efficiency of a train of machines; muL- 
i^ly together the efficiencies of the elemenSarj iawJiBii£& at -^^suSo- 
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i. CompatBtion ef Driring Fnce. — Suppose & machine to be 

driven againat given resistances by au effort or driving force applied 
at, and in the direction of motion of, the driving point; and that it 
in required to find the eflbrt which 'will maintain an uniform spe«d. 

Rule VIIL — Find the energy to be exerted, by Rule V,, and 
divide it by the apace moved through by the driving point; — W 
ot/ierv)ise: 

Rule VIII. A. — Find, by the principles of mechanism (see Sec- 
tion I, of this part, pages 231 to 238), the ratios of the velocities 
of the several working pointe, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application, and add 
together the p-oducts; the sum will be the required effort. 

Rbuarks. — This is called " redticing the reaintCaneea to the driving 
point." Rule VIII. A, may be ai>plied to a machine capable M 
motion, though not actually moving ; it is then called the "prin- 
ciple ofviriztal velocities^ When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5. Pricaan im lHackiuea.— RoLE IX, — To calculate the resistance 
of friction to the sliding of two suriiices (when the pressure is not 
80 great as to grind the surfaces, or force out the ungaent), miil- 
tiply the aiaount of the load, or dii-ect presaure between the sur- 
faces, by the co-e§ident of friction. 

Explanation of the Table. — ?i, angle of repose; /= tan ©, co-effi- 
cient of friction; 1 ;/=;Cotan p, reciprocal of that co-efficieut. 
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In order that the load may neither grind tlie aiirfecea nor force 
out the unguent of the hearings of machinery, the pressure is to he 
}imited by tho following rules; in which, by area of baring ia 
taefint the product of the length and diameter of a cylindrical 
bearing; although the real ai'ea on which pressure acts is much 
Bnaller. 

!BiTi.B X. — Add 30 to the velocity of sliding in feet per minute, 
id divide 44,800 by the sum; the quotient will be the greatest 
roper intensity of pressure in Iba. oil the aquaro inch, with the 
w hmitation that the intensity is in no case to exceed 1,200 
Q the square inch. 
EtTLE XI. — To calculate the nwrnent of friction of an axle; 
S»iltiply the resultant load by the radius of the axle, and by the' 
lane of the angle of repose (which is sensibly equal to the co-efdcient 
of friction). 

6. duller Bad Simp,— Let T^ be the tension at the tighter side of 
the strap, and Tp the tension at the slacker side, so that Tj — T^ 
U the force to be exerted between the strap and pulley; also let c 
be the aro of contact between the strap and pulley, in fi'sctiona 
rfa circumference, andythe co-efBcient of friction. 
' EcLE XII.— Given, c, f, and the force T^ - T^; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
fcponding to the common logarithm 273/cj then 



2 -2(N-1) 

. Heuabe. — Whether the calculation relates to driving belts or to 
trap-brakes, the co-efficient, /, should be estimated on the supposi- 
ion of the surfaces being oily; say O'lS for leather on metal, and 
' "8 for metal on metal. 
r. BainncinB of MBihineiT— In a machine every piece which 
ns on an axis should, as far as possible, haVe its re-actioni 
Wanced. 

Bum XIII. — In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
tiieir common centre of gravity shall be in the axis. (This 
'oonstitutes a " aianding holance.") 

I BuLE XrV. — In order that there may be no tendency to turn 
tbe axis into varying directions; multiply each of the masses that 
«m together about the axis by its wm\ or perpendicular distance 
torn the axis. Regard the products aa TCY^eaen'OiM^ S-OTtiW., ii:^5Q. 
mllin^ tie axis towajila the mass to vfAiict t\ia.\. ^-c^Am.-*. V^-w'c.'e" 
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) that the momentB of those forces shall 
balance each other. 

Rules XIIL cmd XIT. arc thus expressed algebraically. At a 
fixed poict in the anis of rotation, let three pJanes fixed relatively 
to the rotating roassea cut each other at right angles; two inter- 
secting each other in the axis, and the third perpendicular to iL 
Let m be any one of the maases which rotate with one angular 
velocity about the axis, and x, y, s, its distances from the first, 
second, and third planes respectively. Then for a. standing 
balance, make 

2-ma; = 0; S-wij^ = 0; 
and for a running balance, make also 

8. n'ork af Tarlnble Force— EHLK XY. — To find the WOrk done 

against a varying resistance, or the energy exerted by a varying 
effort. Construct a diagram in which intervals of the length, or 
liase-line, shall represent distances, and breadths or ordinates shaU 
represent forces acting through those distances. The area of the 
dingram (measured by the Rules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
tiapezoidftl Rule, D, page 67, is usually accurate enough for this 
purpose. 

Remark. — If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still repi-esent work done or energy exerted. 

Rule XVI. — To find the mean value of the varying forcej 
divide the area of the diagram by its length, so as to find its mean 
breadth; this will represent the required mean force, 

9. BcsUlBiiec on LIbh of LnBd-Cairlacc—RuLE XYTL — ^To 

find the resistance of a load drawn on a line of conveyance by land; 
to the co-effideni of resistance on a level (/) add the sine of tkfl 
inclination {i)if BJJcending (or subtract that sine if the inclination 
is descending); multiply the load by the sum (or difference). 
In ^mbols, let W be the load, R the resistance; then 

E.(/=tOW. 
Valtjeh op the Co-efficient of Besistance ox a Level, 

I, Roads. — Let v be the velocity in feet jier second ; r, the mdiua 
of the wheels of the carriage in incliea; then 
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For pavements, {^"^ '!g '^f 

YaJues of^J from experiments by Sir John Macneill, — 
Sandy alid gravelly ground, '14; gravel road, '07; 
Broken stone road, from '03 to '02; pavement, "01 /T. 

11. HaUioays* — ^Let Y be the speed in miles an hour; then 

/= from -0027 to -004 ^1 + j^V 

On curves, add to the above value of ^ 

For carriages .ith parallel axles, ,. '' , ■, 
° radius m feet 

For carriages with moveable axles, — r- — : — t:— :• 
^^ radius m feet 

KuLE XVIII. — To calculate the probable adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion I = about ^ j. In symbols, let E be 

tlie weight of the engine, q the fraction resting on driving wheels; 
then 

Adhesion = about ^=— 
Obdinaby Values op q and ^. 

No. of Driving _ q 

Wheela ^* f 

-n • ( from '^^ '048 

Passenger engmes, .• 2 |^ .^"^ .^^^ 

Goods engines 4 < . ' ^^ 

» ' (to 75 -107 

Do do. all i-oo '143 



* 



Proportion of gross to net load in railway trains ; goods, from H to 1| ; 
minerals, from 1] to 2; passengers, about 3. PasseTa.gfix^N}\>iX^<!sv>^> v\^^^u|^ 
weigh on an average about 15 or 16 to the ton*, mmV»^«»^<5k^ iXiavs5^YVi"v» 
the ton. 
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Ordinary Weights op Locomotive Engines.* 
Weights of Engines vjith separate Tenders, — 

(The Tender weighs from 10 to 15 tons.) Todb, 

Narrow gauge passenger locomotives, six- ) t to 
wheeled, with one pair of driving wheels, j " 3 

Do. do. do. unusually heavy, 24 to 27 

Broad gauge passenger locomotive, eight- \ 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

Goods locomotive, firom four to six wheels, ) . 

coupled, ^ J 7 3 



■(?-o 



In order that an engine may be able to draw a given load, P most 
be not less than R, (Rule XVI.) That is to say, on the rtdmg 
gradientf let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

Hence the following rules : — 

Rule XX.— Given, q, i, /; then T ^ q . 

7"* 

Rule XXL— Given, E, q, T,// then i = T " ^ 



E.+ T 



■• 



• Proper weight of rails, in lbs. to the yard = 16 x greatest load on i 
driving wheel in tons. 

Weight of a chair; common = 1 iool oi "wj^^ \wx& = tKsm. H to 1& foot 
of rail 



Weights of Tank Engines, carrying Fud and Water, — 

Tons. II 

For light traffic on branch lines, 12 to 20 

For heavy ti*affic on steep inclined planes, ) . , 

with from six to twelve wheels, j ^ 

Rule XIX — ^To calculate the greatest tractive force (P) of a 
locomotive engine ascending a given gradient. Multiply tbe 
weight of the engine (E) by the sine of the inclination (^, and 
subtract the product from the adhesion. In symbols,— 

p = ri - i^ E. 



LOCOMOTIVES— VABtlNO SPE80— GHATITT. 245 , 



KuLE XXII. — To find the total work done by a locomotive 
, given time ; multiply tlie resistance of engine and traia 
s by the distance run, for the net work; then multiply ' 
f about I^, to aUuw for reHiataui:e of mechauiani of engine. In 

mbola, let x be the diatauoe run; then 

Total work = IJ a: {/^t: i) (E + T). 

Section IV. — EoLGa kblating to Vahtino Speed. 

, Oenerol Frinclpiea — An unbalanced force applied to a body 
foduees chunge of momentum equal in amount to and coincident 
1 direction with the impulse exerted by the foi'ce. Impuhe is the 
^rodaet of the force in absolute units {see page 104) into the time 
during which it acta in aeconds. Mominhi.m. is the product of the 
maas of a body into its velocity in unita of distance per second. 
The unit of mass ia the maaa of an unit of weight — such as a pound 
ftvoii'dupois, or a kilogramme. A body receiving an impulse re-aati 
against the body giving the impulse, with an equal and opposite 
impulse. 

2. AccelerBllan nnd Reuirdattan.^IlD'LE I. — To £nd what impvlsa 

is tequired to produce a given change in the velocity of a given 
uasaj multiply the weight of the mass by the change in its velocity, 
in units of diatance per second. 

(If the change consists in acceleration, the impulse must be 
forward; if in retardation, backward.) 

Rule II. — To find what energy must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the 
number of absolute units of force in the weight of an unit of 
mass, and multiply the quotient by the mean velocity during the 
change; — or otii^rwise: multiply the weight of the mass by the 
change in the value of the half-square of ita velocity, and divide by 
the number of abaolute unite of force in the weight of an unit 
of mass. 

Beuabk. — Absolute units of force in the weight of an wnit of 
mass; in British Measures (velocities being in feet per second), 
32'2 nearly; in French Measures (velocities being in metres per 
aeeond), 9-809 nearly. (See page 104.) Thia constant is denoted 
by g* and sometimea called "gramly. 



L 



' More eiact fotmnia for g, 

fl = !7i (1 - -00284 COB 2 M (l - -^\ . 
which ffi = 321695 ia Britisli Meaautos, orQ-SQai va Yxea'3Q-T&^B»»««*" 



i 



Hui.E III. — To calculate the actual energy of ft moving nuH; 
multiply its weight by tlie half-square of its velocity, and divide 
by ?- 

Rule IV, — To calculate what iinhalanced effort, or nnbalanced 
reaiatance, aa the case may he, is required to produce a. given 
increase or diminution of a hody'a speed, in a given time, oritti 
given distance. 

Case I. — If the (inte ia given ; multiply the weight of the masa 
by its change of velocity; divide by g, and by the time in eeconds. 

Case IL — If the distance ia given; multiply the weight of tha 
jnaas by the change in the half-square of ita yelocityj and divide by 
g, and by the distance. 

EuLE V, — To find the re-acCion of an accelerated or retarded 
body; find, by Rule IV., the force required to produce the change 
of velocity; the re-actioa will be equal and opposite. 

Rbhark. — The momentum, energy, and re-action of a body of 
any figure undergoing trarislation are the same as if ita whole 
tuaas were concentrated at ita centre of gravity. 

3. VcTlHied MaiiaK nail CcBiriOigal Cvrce. — To make a bocly 
move in a curve, some other body must guide it by exerting on it 
a deviating force directed towards the centre of curvature. The 
revolving body re-acta on the guiding body with an equal and 
opposite centrifugal force. 

Rule VI. ^ — To find the deviating and centrifugal force of a 
given maaa revolving with a given velocity in a circle of a. giveu 
radius. Multiply the weight of the masa by the square of its 
linearvelooity, and rfiviofe by the radiua; — arotliermisc: multiply the 
mass by the square of its angular velocity of revolution (see page 
22S), and multiply by the ludius ; — the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g. 

Rbmabk. — The resultant centrifugal force of a rigid body of any 
shape ia the same in amount and direction (though not the same 
in distribution) as if the whole mass were collected at ita centre of 
gravity. 

Rule VII. — To find the height of a revolving pendulum which 

makes a given number of revolutions per second; divide -7^ by 
the square of the number of revolutions per second. (Approximate 
valaea of .2", ^^S '■^^ height of the pendulum, which makes 



A, Utiiade of the place ; ohBervice that when 2 \ bocomea ohtugo, the ten 
containing it is to be added \nateiidot\ieiii.^BiiWiM:Wi-, lv,bei?Jit above tt 
level of ike sea ; and R, tho eartb:a ttt^ua = iy,WW,WR ^»A,iitVS"v'iJ» 
Metres, aeaily. 
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ne revolution per second; 0-815 foot = 9-78 inches = 0'243 
^tre neady.) 

N.B. — The lieiglit of a revolving pendulum is measured ver- 
Scally, from the level of its centre of gravity to the level of tha ' 
ioiut where the line of suspension cute the axis of revolution. 

4. RaiBiing Badles— Flf-WbeclB. — As to the moment of inertia I 
|f a, body turning about an axis, see pages 154 to 156. j 

GuLE VIII. — To find the angular momentum, of a rotating i 
iody; multiply its moment of inertia by its angular velocity ia 
lircuW measure. (See page 102.) 

Rule IX. — To find the actual energy of a rotating body; 
nnltiply either its angular momentum by half its angular velocity, 
(T ita moment of inertia by the half-square of its angular velocity; 
Sivide the product by g. 

Rule 5. — To find tho moment of the couple required in order 
^^o produce a given change in the angular velocity of a rotating 
wdy, in the course of a given time, or of a. given angular motion, 
m the case may be. 

Case I. — If the time is given; divide the change of angular 
pomentum by g, and by the time in seconds, 
. Case II. — If the angular motion is given ; divide the change of 
totual energy by the angular motion in circular measure. 

EcLE XI. — -Given, the alternate excess and deficiency (i E) of 
nergy exerted as compared with work performed in a machine; 
p find the moment of inertia of a-Jly-wlied, such that the fluctuation 
f speed (or diSerence between the greatest and least speed) shall 

Hot exceed a given fraction of the mean speed f say — 1 . Let a be 

y-wheel, I its required moment 



Ordinary values of m, from 30 to 60 nearly; of m g, in British 

ieasm-es, from about 1,000 to 2,000. 

Table of values of the ratio of the alternate excess and deficiency 

energy, A E, to the whole work per revolution, I P rf s, in 

-"-engines of various kinds (Uorin). 



NoN-ExpAHBiVE Ehgikes. 
iiCDgth of connecting rod ^ 



Length of crank 




FES IN OENERAL. 

ExpAKsiTE CosDEHsnro Enocies. 
Connecting rod = crant x 5. 

Lt) I I I 1 II 

ff/ 345678 

AE-rj^PrfS = 163 -173 178 -184 -189 -191 

Expansive NoN-CoNDEsamo Enqines. 

Steam cut offiit - - - — 

3343 

i^E-i-lvda - -160 -186 '209 '233 

For double cylmder expansive engines, the value of tbe ratio 
i E -^ f P (Z 8 may be taken as equal to that for single cylinder 
uon-expanaive engines. 

For tools vxTking at intervals, such as punching, slotting, and 
plate-cutting machinea, coining presBes, &c., A E is nearly equal to 
the whole work performed at each operation, 

i5. FaUins Bndiei.— The following rules apply to a body falling 
without sensible resistance fi:om. the air r — 

Bole XII. — To find the velocity acquired at the end of a given 
time; multiply the time by g.. (See page 345.) 

SuLE XIII. — To find the height of iailina given time; multiply 

the squiire of the time by - g. 

Rule XIV. — To find the height of fall corresponding (or "due") 
to a given velocity; divide the half-square of the velocity by g. 

Rule XV. — To find the velocity due to a given height; multiply 
the height by 3 g, and extract the square root (or, in Britidi 
Meaaui¥s, multiply the square root of ttie height in feet by SOiS 
for the velocity in feet per second ; or, in French Measures, mnl- 
tiply the square root of the height in metrua by i-i2'J for tlL6 
velocity in metres per second). 

Table of Heicuts dde to Velocities, 
Explanation of Symbols. 
V = Velocity in feet per second. 
A = Height in feet - i?' ■¥ 64'4, 
TbiB table is exact for latituiie 5^°^, rail 
teas for practical purposes iii aU ?B.-rta lA &« caxfti% 
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^^^B 




^^^^^^t 
















UHAVITY— KEDrCEI 


" niaETUL— STaENOTH OF SHAPra 24B ^H 


„ 


A 


V 


k 


„ 


^ u 


I 


■01553 


27 


11-320 


54 


45'!So H 


3 


■062 1 1 


28 


12-174 


56 


48695 H 


3 


■13975 


29 


13-059 


S8 


52-235 ■ 


4 


■2484s 


3-^ 


13-975 


60 


55-901 ■ 


5 


■38820 


31 


14-922 


62 


59-688 V 


6 


■55901 


32 


15-901 


64 


63-602 ■ 


7 


■76087 


32-2 


iS-ioo 


64-4 


64-400 ^1 


8 


■99379 


33 


ifr-910 


66 


6,-(ijo ■ 


9 


1-2578 


34 


17-950 


68 


ti'Soo ■ 




1-5528 


35 


19*033 


70 


t6'o37 ■ 


II 


1-8789 


36 


20-124 


72 


80-496 ■ 


12 


2-2360 


37 


21-257 


74 


85039 ^ 


13 


2-6242 


33 


22-423 


76 


89683 


14 


3-0435 


39 


93018 


78 


94'472 




3--t938 


40 


24-845 


80 


99'379 




3-9752 


41 


26-102 


82 


104-41 ^ 


17 


4-4876 


42 


37-391 


84 


109-56 ^ 


i8 


S-0311 


43 


28-711 


86 


■ 


19 


5-6056 




30-062 


88 


■ 




6-2I13 


45 


3' -444 


90 


i'5-!8 H 


ZI 


68478 


46 


32857 


93 


131-43 ■ 




7-5155 


47 


34-301 


94 


>37'30 ■ 


23 


8-2143 


48 


35-776 


96 


■ 


34 


8 '944 1 


49 


37-283 


98 


I49'i3 ■ 


25 


9-7050 


SO 


38-820 




155-38 ■ 


26 


10-497 


5a 


41-987 




1 
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Beanced Ineitta.— EULE 


XVI.-To 


reduce the 


inertia or 


mass 


of a machine to th 


dviv 


ing point 


Multiply the weight 0] 


each moving portion of the machine by tl 


e square of the i-atio of 


its velocity to the velocity of the driving point; and add together ■ 


the pi'oducta; the Bum will be the weight of the mass which, i£ ■ 


conce 


Qtrated at the driving point, would require the ea. 


me force to H 


produce a given change 1 


nits 


speed, in the course of a 


given time. ^| 


or of 


a given motion, that ia k 


quired by the actual machina , ^H 




Sectios V.- 


-Strength of Machinkry. 


1 


1. 


si„(u. — See paces 22G, 227 for 


the relations between ■ 


greatest twisticg moment, greatest working stress, and diameter. ^| 


j\8 to the twisting mon 




or which pToviawiY "Yi Uj \i% -oMAa^s ■ 


regHrd must be iiad oot n 


lerely to tte mw.n momenl \.TO.v^xsiL'**Si-^ 


L. 










EuLE XVII. — Given, the horse-power of the prime mover tbat 
drives a shaft, and the number of revoliitiona per minute; to find 
the •maa.n twisting nioment: multiply the horae-iiower by 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lba.; which, multiplied by 12, will give 
inch-lbs. 

RtTLB XVIIL — In a shaft driven by ateam-power, given, tlio 
meuu twisting moment; to find the greatest twisting moment; 

If the shaft ia driven by a. single engine, multiply by i -6 
If by a pair of engines, with craulss at right angles, 



If by three enginea, with cranks at anglea of J 
revolution, multiply by 1-05 

2. Bodi. — Piston-roda are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Eule XXIV".) 
Connecting'Tods are t* be treated as struts jointed at both enda. 
(See page 209, Eule XXIII.) 

3. Arms QDd Teclh «r niieeli. — ^EULE XIX. — To find the 
greatest bending moment on an arm of a wheel; divide the greatest 
twisting moment on the ahaft by twice the number of arms. 

EtiLB XX. — To find the greatest pressure exerted oa a tootk of 
a Hiked; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thichnesa of teeth, see page 233. 



Section YL — Mdscdulr Power. ^| 

1. Ocnrrat Principles — Let F be the eSbii, exerted by i^l 
animal in performing work, V the velocity of the point at which 
the efibrt ia applied, and T the time for which the effort P is 
exerted at the velocity T during * day's work ; ao that P V T is 
equal, or proportional, to the work done per day. Let P,, V^, T,, 
be the values of P, V, and T, corresponding to the greatest day's 
work of the animal, Pj Y^ T^. Then for values of P, V, and T, 
not greatly deviating from P^, Vj, and Tj^, we have 



:p, "^ V, "^ Ti - ^' 

BO that when any five of ttose (\-ULa.ut\\Aea a.-« ^-jwi, 'ia svrth 
be found. 



i 




■^ nearly. 28,800 

, 28,800 

, a8,8oo 

, 28,800 



2. Tabim of PerromioaEe of Hone*. — ExplanAtion of Table L : — 
P, effort in lbs.; T, velocity, feet per second; T, houra' ■work per J 
day; P V, work per aecond, ia foot-lbs.; 3,G00 P V T, work p 
day, in foot-lba. 



I.- Work of a Horse aqains 


T i ZSOW!. 


Resistakcr 


Kl.dorE«rtloa 


f 


, 


T 


PY 


3,RH)PVT 


1, CantKring and trotting, 
drawing a light rafl- 
■wsy carriage (thorongh- 


(mai.50 ) 
66 


Hi 
3-6 


* 

4i 


447i 

300 
429 


6,444,000 

12,441,600 

8,640,000 
6,949.Soo 


2. Horae drawing cart or 

boat, walking (draught 
horse) 

3. Horaa driving a gin or 







ExplaDation of Table 11. : — L, net load drawn or carried hori- 
zontally, in Iba.; V, velocity, feet per second; T, lioura' work per 
day; L V, lbs. conveyed horizontally one foot per second; 3,600 1 
L V T, Iba. conveyed horizontally one foot per day, 

II. — Perforuasce of a Hohse IK TfiANSPoaTisG Loads 
Horizontally. 



J. Walking with cart 
ways loaded, 

6. Trotting ditto, 

" Walking with cart, go- 
ing loaded, returmcg 
empty; V^ J of m — 
velocity ■ 

S. Carrying hnrdeo, walk- 

9. 1>^, trotting, 



■ 


^^^^^^^^* 'Machines in genkbal. ^^^^^^^^^^ 

3. Table, of Work «r Men.— Esplanation of Table I. :— P, effort 
bs. ; V, velocity, feet per eecood; T, houfs' work per day; P T 
work, foot-lba. per second; 3,600 P V T, work, foot-lbs. per day. 

I. — Work op a Man against Known Resibtances. 


■ 




Klnfl of Eiertoa. 


P 


y 


T 


PV 


aBWPVT 




1. Boiaing hla own weight np 


'43 

40 
44 

"43 
6 

132 
26-5 

•5 


OS 

□ 75 
o'55 

0'!3 

'■3 

O-07S 

5° 
14 '4 


g 

6 
6 

6 

S 
S 


71-5 

30 
242 

i8-5 

7-S 

9*9 

,31 
¥ 


a,o8S,ooo 
648,000 

582,720 

399,600 
2B0.800 

3S6,4°o 

1,526,400 

i,296,oco 

i,iSS,ooo 
480,000 


2. Hsulicg Qp weighta with 
rope, and lowerinc' the 


3. Lifting weights by hand, 

4. Canying weights up ataira, 

and retnming anleoded, , . ■ 


6. Wheeling earth in barrow up 
slope of 1 in ]2, t horiz. 
veloc. 0'9 ft per aec, and 


7. Pushing or pulling horizou- 
tally (capstan ot oar) 

3. Turning a crank or winch, ... 








Expknation of Table 11. l— L, load conveyed horizontally, Iba, 
V, velooitT, feet per second; T, hours' work per day; L V, lbs 
sonveyed horizontally oim foot in a second; 3,600 L V T, Iba. con 
eeyed horizontally one foot in a day. 

n.— Perfoemance op a Man in TaAirspoETiNO Loads 

HOKIZONTALLY, 




L 


KinaorEx.r«™x 


L 


T 


T 


LV 


*,ei»LVT 


i 


11. Walking unloaded, transport 

12. WieeUug load in 2-wh«>Ied 

barrow: returningunloaded, 

13. Ditto in l-wh. barrow, ditto, 

14. Travelling with buiden 

15. Carrying burden, returning 


140 

Z24 
131 
90 

140 


s 
•i 


7 
6 


700 
373 

MS 
Mi 

^^■l^■i 


25,200,000 

13,428,000 
7,920,000 
5,670,000 

5,032,800 


6. Carrying bnrden for 30 se- 
concisonJy, 


i 


1 



Til. — Day's "Work op a Man reijtiired for various 
Opeeations. (Dat = 10 Hours.) 

Shovelling earth, one cubic yard, thrown not 

more than 5 feet vertically up; if dry, from -05 to -0635 J 

Ditto, wet iniid, „ '06 to -c" 

Sxcavating earth vith the pick, one cubio 

yard, „ '025 to ■: 

'\V heeling one cuhio j'ard of eoith in harrowa 

from 100 to 120 feet horizontally; if np a. 

slope at the same time, deduct 6 feat from 

horizontal distance for each foot of total 

rise, „ -05 to -0625 

Spreading and ramioing earth in layers from 9 

to 18 inches deep, one cubic yard, „ ■□6 to '07 

Dressing slopes of cuttings, one sq^uare yard, ....about -008 
Soiling slopes, 6 inchea thick, one square yard, „ "008 

Mating clay puddle, one cubic yard, „ '3 

Spreading do., do., „ '3 

Quarrying rock of moderate hardness with 

wedges, average „ -4 

Quarrying rock of moderate hardness by bW)l> 

ing,* average „ '45 

Jumping holes in rock, 100 cylindrical inches, 

granite, from r-o to -g 

Do. do. do., limestone, „ '2 to 15 
Driving uiioeB in rock ; dimensions from 3^ feet 
X 3^ feet to 3^ feet x 5 feet; one foot for- 
ward, „ 3'0 to 5-0 

Quarrying rock in tunnels, one cubic yard, , 75 to 30 

Making OB. thoumnd briok. | Z^/t™'' 'o"s' 

Mixing mortar by hand, one cubic yard, -75 

Mixing concrete, wheeling and laying, one 

cubic yard, '. '3 

lioading barrows with atone, one cubio yard,.,. -qC 

"Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 

of distance far each foot of rise, -o^^ 

Unloading burrows of stone, one cubic yard,.... '03 

• Weight of rook loosened -^ weight of powder exploded ^ in email HaetB 
from 7,01)0 t« 14,000; averago 10,000: iu great lilnats from 4,500 to L3,WW-, 
■VQTttge between 6,000 and 7.000. One lb. ot \)\iuitiii% "etroifti 'tSw. *a«.-it. 
SO cnbio inches = 38 cjJindrical inchea. U gun-cotiiaa 'toe ™e&. SseWa^ 
cf powder, allow one-sixth of the weight imi one-'bB.M ol 'fee s^an^ 



Cuttiiig 
Stona 


Baildixig. 


Labooroni' 
Work. 


— 


I'OO 


•50 


— 


•po 


•po 


1-5 


•po 


•po 


225 


•po 


•po 


250 


i-oo 


I'OO 


600 


2*00 


2*00 



25i MACHINES IN GENERAL. 

Stone Kasonry, Breaking 

one cubic yard. Stone. 

Dry stone, '64 

Coursed rubble, '64 

Block-in-course, •po 

Do. arching, 'po 

Ashlar (soft Tfrom i*8o 
sandstone),.... (to... 2*50 

Breaking and stone cutting for harder stones; 
hard sandstone = soft sandstone x 2. 
hard limestone, marble, granite = soft sandstone x from 3 to 4. 

Facing ashlar (soft sandstone), per square foot- 
stroked, '05; droved, '07; polished, •!. 

Curved facing = flat x ( 1 + — ^, — |— — -- ) . 

\ radius in feet/ 

Taking down old masonry, one cubic yard, from '5 to '6. 

Bricklayer. Labourer. 3!^^ 

Brickwork, ordinary, one cubic yard, '6 '6 -2 

I varioiis ; 
„ arching and other curved work, 'p 'p ^depending 

( on centering. 

„ in tunnels, about double of similar brickwork above 

ground. 

Bncklayer. Labourer. 

Laying and jointing drain pipes, one lineal 

ioot, per inch diameter^ ^0025 '0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, -^7 

Sawing timber, one square foot; 

Pine and fir, from '0045 ^ '005 

Ash, elm, beech, mahogany, „ '0065 to '007 

Oak, „ '0075 to -oop 

Teak, 'oi 

Shaping timber; pine -woods; one cubic 

foot, from "04 to -135 

Planing pine woods, per square foot, '013 

Boring hole f diameter, one lineal foot, in 

j)ine-woods, ^02 

Do, do,f in hard leai-'wooda, 'o^ 

'Supply of air should be at the rate oi SO c\x\Aa ieeXi ^x xi^aa^'^x TccasoXfe. 
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Carpenter. Labourer. 

Erecting centres for arches; per 100 f from 1*55 75 

square feet area of soj£ty ( to... 1*70 '80 

Men's timek Soys' tima 

Rivetting iron ships: from 100 to 140 ) r x 

rivets 7. :..! I 3'° ^^ ^'° ^ ^*° 

Making plank roads; breadth planked, 

8 feet; total breadth, 16 feet; 1 lineal > i*o 

foot, j 



HTDRAtTLICS. 
Section I. — Rules relatikq to the Flow of Water, 

1. Bead Bf Whiot,— Rule L — To find the hend of a particle of 
iTiiter; add together the head of devotion, or height of the particle 
above some fixed or "datum" IbtbI, and the liead of pressure, ot 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115,) 

In stating the pressure, it is usual not to include the atmospheiic 
presflnre; ao that the absolute pressure exceeds the pressiire etiited 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = 0; when the absolute pressure falls short 
of the atmospheric pressure, their difference ia called vacuum. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and dimioishes nearly at the rale of 
1-lOOtfc part of itself for each 262 feet of elevation. 

In the reat of this Section, heads in feet of water will be denoUd 
by A. 

2. Tolnrae nnd TcIscKr of Flaw,— EuLE 11— To find the vdwiU 

of fiow of a stream; multiply the mean velocity by the eectiooal 

BuLE III.— To find the mean vdudiy of fiow of a streari; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middli- 
of the atream) is nearly = 

greatest velocity + 7'71 feet per second 
greatest velocity + 10':iS feet per sjuoud' 

The Jeasf velocity, being that of the particles in ooataot with the 
bed, is ueariy as much less than the mean velocity as the greateii 
velocity is greater than the mean. In ordinary currents tbe lea>^ 
mean, and greatest velocities are nearly as 3 ; 4 ; 5; in very do* 
curreata, ss 2 ; 3 ; 4. 
In what followa, volume of jloiu in c«i)ic fod per second will be 
denoted by Q; the mean tielocilij oi »■ a^ewn. \n. l«d^ ijw w um^ j 



HEAD— VELOcnr — RESISTANCE. 257 

by r; and the sectioned area ia square feet by A; so that Q = 

3. Rclntlon bvlwwn Head and Tcloolti.— KuLE T. — Tlieoreltcol 

head, h, due to a given velocity, u; 

Et'LE VI. — Theoreli^al velocity, v, due to a given head, k; 

V = 8'025 JT. 

RuiE VII. — To find the hs8 of head, A, due to a given gam 
of velocity in a stream; let the velocity of approach (or original 
velocity, at the point where the greater hMid is) be the fractioo, ti, 
of the velocity of diacfiarge; let v he the velocity of discharge; and 
let F be a, factor of resistance (as to whichj see next Article); then 



. (l + F-,') 



64'4- 



ems 



\/(r^^.)- 



Rehabk. — n is the ratio of the sectional area of the channel of 
dischai^e to that of the channel of approach. When those areas 
are equal, as in ao uniform channel ot aa wnifona pipe, 1 — n^ = 0; 
and then the fonnnlie become 



h = 3-.-7i V = 6'025 



VI 
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4. Vbcuih .r Be.i.taB«e.- Values of F in Rules VII. and VIII. 
(1.) Friction of an orifice in a thin plate — 

F = O-Ooi. 

(2.) Friction of mouthpieces, or entrances from reservoirg into 
pipes. — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

The name mouthpiece making the angle 6 with a perpendicular 
to the aide of the reservoir — 

F - 0-505 + 0-303 sin i + 0-2^?. so? B. 

L For a mouthpiece of the form of the " coiitta;ctei ■^"sm^ — 'Oqs*'"-»» 



oae somewhat bell-shaped — and so proportioned that if rf be it» 
diameter oa leaving the reservoir, then at a diatanoe d ~ 2 from 
the Hide of the reatii'voir it contracts to the diameter -7854 d, — the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at mdden. enlargements. — Let A^ be the sectional 
area of a channel, in which a sluice, or slide valve, or some sach 
object, produces a sudden ooBtraetioii to the amaller area a, followed 
by a sudden enlargement to the area A^. Let v in the formnbe of 
Bules VII. and VIII. stand for the velocity in the second enlarged 
part of the channel, so that Q ~ A^v. Let 

A„ 



n = -^'y/ (2-G18- 1'618|^,Y 



F - (w - ly. 

(4.) Frietion in pipes and conduits. — Let A be the sectional area 
of a channel; b, its border — that is, the length of that part of itt 
girth which is in contact with the water j I, the length of the 
channel, so that Ib'iA the frictional surface; and for brevity's sake 
let A -^ 6 = m; then, for the friction between the water and the 
sides of the channel, 

p. /.'»=. /J; 

■^ A m 

Let (i=diameter of pipe in feet; then 

For iron pipes (not pitch-lined)*.. ./-O'OOsA-i-—); 

-000227 
For open condnita, /= 0-00741 + 

The quantity m — A. -i- bia called the "hydraulic ■mean deptk' 
of channel, and for cylindrical and square pipes running full is ot» 
fowrth of the diameter. 

£uLE IX. — To find the declivity (i) in an uniform channel of • 
given hydraulic mean depth (m); 

. _h _f 1^ 
"■- l~ m 2g 

In an open channel this ia an actual slope of the sarface of the 
water. In a close pipe it may be a virtuM declwUj/, due wholly or 
jiartly to diminution of pressure. 

" In iron pipes lined with araotAli -^te^ >i\\B co^iffisaeofc of Miction is atxint 
oae-aixth jnrt less than in unlined. \kwa. 
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(5.) For hauls in circular pipes, let d bo the diameter of the 
pipe; J, the radius of curvature of its centre line at the heudj 6) th»- 
angle through which it is bent; x, two right anglea; theu 

r. ;{ 0-131.. ■8i7(/^)"}. 

6.) For henda in rectangular pipes, 



< 0'134 + 3-104 



m- 



(?■) For kTteea, or sharp turns iu. pipes, let B be the angle 
iy the two portions of the pipe at the knee; then 

F = 0'946sin«| + 205 eiu*-. 

ItuLE X. Summon/ o/loMes of head. — Wten sev( 

uses of resistance occur in the course of one stream, tiie losses of 
lead arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner ; — 

Let the final velocity, at the croaa-sectiou where the loss of head 

required, be denoted by v; 

let the ratios borne to that velocity by the velocities in 
other parts of the channel be known; li^, v being the "velocity of 
approach," TCj v the velocity in the first division of the channel, 
nj « in the second, and so on; and let F, be the sum of all the 
factors of resistance for the first division, Pj for the second, and so 
on ; then the Ices of head will be 

5. Conlracllan of Slream— Co-cmclonu of »i«hnrgc.— BULE XI. — 

To find the effective oieea, of an outlet; multiply the total area by a 
ftaction called the co-efficient of conlraelion. 

For uniform streams there is no contraction, and the co-efficient 

iBi. 

Rehase. — Sometimes it ia impossible to distinguish between 
flie effect of friction in diminishing the velocity {expressed by 
1 -J- J I + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual diachui^ 
ia leas than the product of the theoretical velocity and the total 

ea of the orifice is called the co-efficient of effilvx or of rfiseAorge. 

The quantities given in the following atalemciAa wii '«aB«a«W' 
wome ot them real co-efficients of contraction, aai. swcaa ca-«iSiswssaf 



1 



260 



HTDRAXTLICS. 



of discIiaTge. In hydraulic formulsB such co-efficientB are nsoallj 
denoted by the symbol c. 

n.^ Sharp-edged drcula/r orifioea in flat platea; c = •618. 

(2.) Sharp-edged redUrngvlarr (yrificea in vertical flM plates, — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet ^ and h the head, measured from 
the cenb'e of the orifice to the leod of still water^ 

Q = 6025 eAjJ. 



Co-efficients of Discharge fob Bectangitlab Obificbs. 



Head. 




Height of Orifice ~ 


Breadth. 






-r- I 




OS 


0-2S 


015 


O'l 


0-05 


Breadth. 














0-05 




••• 


• • • 


• • • 


• • • 


709 


o*io 




••• 


• • • 


• • • 


•660 


•698 


015 




••• 


• • • 


•638 


•660 


-691 


0-20 




• •• 


•6t« 


•640 


•659 


•685 


025 




• •• 


•617 


•640 


•659 


•682 


030 




'59<> 


•622 


•640 


•658 


•678 


0*40 




•600 


•626 


•639 


•657 


•671 


050 




•605 


•628 


•638 


•655 


•667 


o*6o '5 


72 


•609 


•630 


•637 


•654 


•664 


075 -5 


85 


•611 


•631 


•635 


•653 


•660 


1 00 '5 


92 


•613 


•634 


•634 


•650 


•65s 


150 -5 


98 


•616 


•632 


•632 


•645 


•650 


2-00 '6 


00 


•617 


•631 


•631 


•642 


•647 


2*50 '6 


02 


•617 


•631 


•630 


•640 


•643 


350 -6 


04 


•616 


•629 


•629 


•637 


•638 


4-00 '6 


05 


•615 


•627 


•627 


•632 


•627 


600 '6 


04 


•613 


•623 


•623 


•625 


•621 


8-00 '6 


02 


•611 


•619 


•619 


•6x8 


•616 


10 '00 '6 


01 


•607 


•613 


•613 


•613 


•613 


15-00 '6 


01 


•603 


•606 


•607 


•608 


•609 



(3.) Sha/rp-edged recta/ngvla/r notches in flat vertical weir hoards, 
— ^The area of the orifice is measured up to the level of still uxUer 
in the pond behind the weir. 

Let b = breadth of the notch; 

B = total breadth of the weir; then 



e = -57 +. 



10 B' 
provided b ia not less than B -\- 4. 



VMi 
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(4.) Sltarp-edged triangular or'V-skaped notclies in flat vei'licat 

I Keir boards (from experimenta by Professor Jainea Thomson).— 

1 Area measured up to the level of still water, ^ 

Breadth of notch = depth X 2; C= SdS; 

Breadth of notch = depth X 4; e = ■630. 

(5.) FartiaUy-contracted sharp-edged or^ce. — (That is t« say, an 

iriBce towards part of the edge of which the water is guided in a 

I direct course, owing to the bonier of the channel of approach partly 

I coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

Ti, the fraction of the edge of the orifice which coincides with 

the border of the cLan»ei ; 
c', the modified co-efficient; then 
c* = c + -09 ? 

(6.) Flat or round-topped weir, area measured up to the level of 
\ still water — 

c- -5 nearly. 
(7,) Slitice in a rectangulon- channel — 

vertical; c ^ 0'7; 
Inclined backwards to the horizon at 60°; c = 0-74; 
„ at 45°; c = 0-6. 



1 



(8.) Incomplete coniraction, — Let A be the area of a pipe partially 
\ closed by a partition, having in it an orifice of the total an 



I Knd effective area c 



V ('-«"' 2-) 

Dlacfaarge from (tinlcc* and Nnlcbea. — Let h bC the breadth Of 

r the orifice ; h^ the depth of its upper edge, and h^, that of its lower 
I edge, below the level of still water in the pond; e, the co-eiUcient 
\ t^ contraction (see last Article) ; Q, the discharge in culiio feet per 
I iwcond. 

SuLB XII. — Rectangular orifice — 

Q = 8-025 e X 1 6 (Aj^ ~ A^^) = 5-35 c h (h^ — hf\. 

Rule "XWl.^-Itectangula/r notch, wUh a tlUl pond; A^ = 0; / 
I- measured from the lower edge of the notch to the level of sti 
I vater. 



d/ij^ = 5'35 c6 /t3_' = (a-Q5 -V •&'i^^^^"*'^ 
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Table op Values of c and 5 35 c. 
TO o'9 o*8 07 o*6 o*5 o*4 ©'3 0*25 



c, '67 '66 '65 '64 '63 '62 •61 '60 '595 

535 ^> 358 3*53 348 342 3*37 332 326 3-21 3-18 

The cube of the sqwwe root of the head, h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to ^ ; then op- 
posite, in the column of cubes, "will be an approximate value 

of h^. 

Rule XIV. — Rectcmgvlar notch, with current a/pproaching U. — 
When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measiu'ed, or velocity qf approach : compute the height 
due to that velocity as follows : — 

^0 = ^0 -5- 64-4; 
then, 

Q = 5-35 cb{(h^ + ^o)* — K^\' 

Rule XV. — Triangular or Y-shaped notch, vjUh a still pond; \ 
measured from the apex of the triangle to the level of still water. 

Let a denote the ratio of the half-hreadth of the notch at any 
given level to the height above the apex, so that, for example, at 
the level of still water, the whole breadth of the notch is 2 a A^; 

Q = 8025 ex ^aV = 4-28caAAf; 

and adopting the values of c already given, we have, 

for a = 1, Q = 254 h^^-, for a = 2, Q = 5-3 h^i. 

For squares and fifth powers, see page 32. 

Rule XVI. — Drovoned orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the difference of 
the levels of still water in those two spaces is the head to be used 
in computing the flow. 

Rule XVII. — Drowned rectangular notch. — Let h^ and h^ be 
the heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tiveljr; 

Q = 5-35 c6 i^i^^)^ Qh~'»^^« 
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BuLE XVIH. — For weirs tmth broad JkU crests, drowned or nn- 
drowned, the formulsB are the same as for rectangular notches^ 
except that the co-e£Bcient e is about '5, 

Bulb XIX. — CompiUcUion of the dimensions of orifices, — Most 
of the preceding formulsB can be used in an inverse form^ in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example^ if Bule XII. is applicable^ the breadth of the 
orifice is given as follows : — 

5 = Q -=- 5-35 c (hji — h^i). 

If Bule XIII. is applicable, the depth of the bottom of the 
notch below still water is given by the equation^ 

Ai= {q-^5'35cb}i. 

If Bule XY. is applicable^ 

Ai= {Q -5- 4-28 <j a} *. 

7. IMacharge of Watcr-Pipea.— BuLE XX. — To find the loss of 

head, A, in a length, I, of a pipe of the uniform diameter, d (all 
dimensions in feet); 



h = 



-i/^. 
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BxTLE XXI. — To compute the discharge of a given pipe; the data 
being A, I, and d, all in feet. 

For a rough approximation, we may take an average value for 4 f. 
The value commonly assumed is -0258. This gives for the approxi- 
mate velocity 



= 8-025 a/ ^^ =50\/i^; 



or, a mean proportional between tJie dia/meter and the loss of h£ad 
in 2,500 feet of length. When greater precision is required, 
make 

Then the discharge is givtn by the formula, 

Q = -7854t)d?. 



d' = 0'23 
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Rule XXII. — To find {in feet) the diameter d of a pipe, so thai U 
shall deliver Q cubic feet of loater per second, toith a loss of head at 
the rate of h feet in each length oflfeeL 

Assume, as a first approximation, 4/' = •0258, This gives^ as a 
first approximation to the diameter, 

Compute a second approximation, 

if this is = 4/^, d' is the true diameter; if not, a corrected diameter 
is to be calculated as follows : — 

d=d'.(^)i = rf'.(i.Q nearly. 

In the preceding formulae the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let /i" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

1 + 54 = 1- 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the resei-voir, viz. : — 

(1 + Y)v^ -f- 64*4; F being the factor of friction of the mouthpiece. 

The preceding rules are for clean iron pipes. To allow for 
incrustation, add one inch to the diameter of all pipes. 

8. I>i«charge and I>iiiieii«ioii« of Channels. — KULE XXIII. — To 

find the declivity, i, of the upper surface of the water in a channel 
of the hydraulic mean depth m; 

i-h-l . j!L _ C.00741 + :^^^V -^ 

RxTLE XXIY. — To compute t?ie discfwj/rge of a given stream, the 
data being i, m, and the sectional area A- kas,\aaa «&. i)i\t^fiixxmaiii 



V'to565=^™^*"' = '^™^">"" 



■WATER-CHANNELS — SWELL ASD BACK.WATEB. 

valTte for the co-effioieat of friction, aach as f = -007563; then I 
ikejirat aq^oximjatuin to the veiocity it 

= 8025^, ■■ ■-- 
■007565 

or, a mean proportional between the hydraulia m&in depth and iha 
fall in 8,513 feel, A Jirsl approan/matym to tlhe disdia/rge 
Q'=w'A. 

These fii'Bt approsimatioDS are in many casea GuSicieutly acc\trate. 
To obtain secoiid approximationa, compute a corrected value oi f \ 
according to the expression in brackets in Rule XXIII; should 
it agree nearly or exactly with /', the first assumed vaJue, it is 
■nnnecessary to proceed further; should it not ho agree, correct the 
values of the velocity and discharge by multiplying each of them 

bj,tl.f.ctor,?-;jj4l3- 

Rule XXY. — To determine the dimeruiong of an tmifitrm ehanrui 
which shall dieehargeQ cubic feet of water per second vriih the decliviti/ 
j. Assume a figure for the intended channel, ho that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also the propcwtion A -^ m' 
of the sectional area to the square of the hydraulic mean depth, 
which will be known although those areas are still unknown; let 
it be denoted by n. 

Compute firat approscimationa to the hydraulic mean depth s 
velocity as follows ; — 



■ \8.5UuHj i" 



from these data, by means of itule XXIII., compote an approtei- ' 
mate declivity, i'. If this agrees exactly or Tery nearly with the 
given declivity, i, the first approximation to the hydraulic mean i 
depth is sufficient; if not, a corrected hydraailio mean depth is to bo 
found by the following formula ; — 

From the hydraulic mean depth all the dimensions of the channel ' 
are to be deduced, according to the figure assumed for it, 

9. Swell and Bnckwalrr Pradnred br ■ W^r^ — When a weir Or 

dam is erected aci-oss a river, to calculate the height, h^, in feet, at 

which the water in the pond, close behind tW -«'ivc,"«'& s5oa^ 

B above its crest; Q being the discharge in catic teat ^r eR.wrtA.1**^™ 
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BuLE XXYI. — Weirr not drotoned, with a flat or sliglitlj rouncled 
crest — 



., = Qinearl,. 



IlxTLE XXVII. — Wdr droumed, — Let h^ ^ t^© height of the 
water in front of the weir above its crest. 

First approodmcUion; h\ = Ag + ((7^) • 

Second approodmation; h"j^ = h\ — Ag ( ^ — 7 - *7~~^"T" )• 

KuLE XXYIIL — ^In a channel of uniform breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream, 
which is also the rate of inclination of its surface before being 
altered by the weir. 

Let ^0 be the natural depth of the stream, before the erection of 
the weir. 

Let \ be the depth as altered, close behind the weir. 

Let ^2 be any other depth in the backwater, or altered part of the 
stream. 

It is required to find aj, the distance from the weir in a direction 
up the stream at which the altered depth ^g will be found. 

Denote the ratio in which the depth is altered at any point by 
J-T- ^Q = r; and let ^ denote the following function of that ratio:— 

* = /^s^Ti = ^yp- i°g- { 1 + (^rzH)^ } 

1 ^ 2r+l 111, 

+ -^^ arc. tan. -^ = ^ + ^ + g-g, nearly. 

Compute the values, ^^ and ^g, of this function, corresponding to 
the ratios r^z=\-T- \ and rg = Jg "^ V Then 



X = 



The following table gives some values of ^ : — 



r ^ 

1*0 00 

I'l '680 

1*2 -480 

1*3 376 

14 -304 

^'S -255 



18 -166 

1*9 147 

2'0 •132 

2*2 « "107 

2'4 -089 

2*6 •076 



i'6 '218 \ 2'^ -065 

x7 -189 \ ^"o ,..•••*••* *^icji 



EHPTTING EESERVOIBfi — WEIB — EilN-FALL, abT 

10. Time orEmpt^ng d KcJwrrolr Ruu: XXIX — Let Q bo 

the rate of disctarge at the outlet, supposing the reservoir kept 
constantly full, W, the whole volume of water in it. Then 



For a vertical-sided reservoir of uniform depth,.. 



2_W 
Q 

For a wedge-shaped reservoir (triangular vertical ) 4 W 

sections; maximum depth of the sections uniform), J 3 q 

For a pyramidal reservoir (base at the surface, ajiex 1 6 W 

at the outlet), j g q 

Eui^ XXX — To find the time required to equalise tlie water- 
level in two adjoining basins with vertiral Sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
■water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. CaicBde rrau > Weli^CKU^BULE XXXI.— To find the 
horizontal distance to- which the cascade of water from a weir- 
erest will shoot in the course of a given fall below that crest; take 
onoe-and-a-third of a mean proportional between that fall and the 
height from the weir-creat to still water in the pond. 

12. Baln-Fnll. 



3.630 


22,635 


2,323,200 


14,486,314 


7,260 


45,270 


4,646,400 


28,973,627 


0,890 


67.905 


6,969,600 


43,458,941 


4,520 


90-539 


9,292,800 


57.945.254 


8,150 


"3.174 


11,616,000 


72,431,568 


M80 


135.809 


13,939,200 


86,917,883 


5>4t° 


158,444 


16,262,400 


101,404,195 


9.040 


181,079 


18,585,600 


115,890,509 


12,670 


203,714 


20,908,800 


130,376,822 


56,300 


226,349 


23,232,000 


144,863,136 
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For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inek of rain per annum on an acre is roughlv equivalent to 
ten eubiefeet per day. 

An indi of rain per annum on a equate mile is roughly equi- 
valent to forty tkoiaand gallons per day. 

Annual depth of rain-fiili in different countries and seosona' 
ntngea from to 150 inches, 

In Britain, different seasons and diatvicta, V> "v^V^^ Mv^.'s^mfta. 

Eatio of available to total rain-fall oti gB.ttieirKi^-^ONW'^*', ■*«««!■ 
ipemoua roct, from 1-0 to O'Sj moorkiada.^i.^iSVj-s^a'^^^i^'^"" 



ind BOmetimea less) 

Greatest deptha of rain in stort periods: one hour, 1 iDch; firar 
houra, 2 inchea; twenty-four hours, 5 inches. 

13. StKbiuiT af Bed sf Sinnm.— Greatest velocities of the eu/rroA 
dose to the bed, consistent with the utability of various materials: — 

Soft day, o'sg foot per second. 

Fine Band, ego „ „ 

Coarse sand, and gravel as large aa peas, 070 „ „ 

Gravel au large as French beana, I'oo „ „ 

Gravel 1 inoH in diameter, za^ feet per second. 

Pebbles IJ inch diameter, i-33 „ „ 

Heavy ahingle, 4'oo „ „ 

Soft rock, brick, earthenware^ 4-50 „ „ 

Book, various kinds,. ^ j " j " 

' I and upwards 

14. Slrensth of Wnler-PlpcB.— KULE XXXII. — To find the Uod 

proper thickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest preaaure, in feel of water (see page 
103) by 13,000, and ntultiply the bore or internal diameter of the 
pipe by the quotient: secondly; take a mean proportional between 
the internal diameter and on^/orty-eigliith of an inc/t : ihe greai«r 
of those two quantities will be the required thickuess. 

Rule XXXIII. — To find the greatest workirtg pressure, in feet of 
water, 'which a cast-iroiD pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure sboujd he six times the working preasiire. 

As to the weight of pipes, in lbs. to Uiefoot, see pages 149 and 153. 

HuLB XXXIV. — For the weight of one foot of a cast-iron niM^ 
in fractions of a ton; multiply the difTereuce of the sqiiarea of Uie 
outside and inside diameters by '00106. 

Kfauea on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. GaUmiBperiMd 

Id. ncmniid far Water in Towns. perdiij. 

Used for domestic purposes (liberal supply) 15 

"Washing streets, eKtinguisMug fires, supplying foun- 
tains <tc 3 

Trade and maau&ctures^ 7 

Total usefully consuued, 35 

"Waste, undercareful regulation, 3^ 

Total, under careful regulation, 37^ 

Add'itioQ&\ waste, in some case*, 
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G-reatest hourly demand ;= from 3 to 2J x average hourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
3S9 of head due to velocity and fi'iction in pipes). 

SEcnoN II. — Rules HEXATiNn to Hydraulic Prime Movees. 
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erncrni buIe.— RtiLE I. — To calculate the total or groaa 
power of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-raice to the surface of the tAil-race), add the 
height duo to the Telocity of the water in the head-race. (As to 
Jiejghta due to velocities, see pages 248, 249.) Multiply the sum 
' ir total liead) hj the volume of the flow of water per second, and 
pj the heaviness of water (63'4 lbs, to the cubic foot). The pro- 
dnct will be the gross power in foot-lba. per second. This divided 
Ibj SSO gives the groHS horise-power. 

, Remahk,— The dimensions of the head-race and tail-race are to 
l>e fixed by means of the principles of the preceding section, pages 
^64, 265. 

Rule II. — To estimate the net or effective power of a fall of water; 
naultiply the gro.is power by the j)robable efficiency of the kind of | 
|>rime mover to be used. That efficiency is a fraction ranging, 
for water-pressure engines, from 0'65 to 075; 
for overshot and breast wheels, from 07 to 0'8; 
for undershot wheels, from 04 to 0-6; 
for a drowned wheel, ^ of the efficiency of the same wheel 

not drovraed; 
for turbines, from 0-6 to 0'8. 

Rule III. — The velodti/ eg greatest e^ciewcy for a water-wheel 

as follows ; — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, fi-om 0'4 to 0'6 (or on an averaga 
'one-half) of the velocity of the feed-water; 

Case II.— For turbines acting by pressure, the velocity due to 
half the head (that ia, 07 of the velocity due to the whole head). 

In Cases I. and II, the surfiice-velocity is measured at the place 

liere the wheel receives the water. 

Case III. — For re-action wheels, the velocily measured at the 
ouiletg to be that due to the whole head. 

Remark. — If the whole head is used to impel the feed-water (as 
in wheels which act wholly by impulse), Oaae I. of Rule III. d&- 
.termtues the best speed for the wheel. If the wheel acts partly 
Igr impulse and partly by weight, and its velocity ift ^-^evi, C1b»«.v- 
4etermineB how much of the head ia to be naeiin. ^-^^i^-s^Ji^Wi^ 
'" feed-water—yiz., the head due to from 'i\ ^ "V^, ot a.-Q- wewe^-i 
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nTDRAULlCS. 

to double of the mean speed of the wheel. For relatione between 
liuad and velocity, aee page 349. 

3. Oterihsi and Krout Wheel..— RiTLE IV. — Diameter qfovsrsHot 
vikeel — fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheeL Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed- water, 
12 feet per second; head for that velocity, about 2-25 feet 

A breast whed may be made of any greater diameter. 

Kdle V, — To find the dear breadllt (I) between the erowns {or 
flat rinia of the wheel), called also the length of the buckets. 

Let Q be the volume of water, in cubic feet per second; «, the 
Buii'ace velocity of the wheel, in feet per second; r, the outside 
radius of the wheel; 6, the depth of shrouding ( = from 1 to l'7fl 
foot); (all measurements in feet). The buckets are supposed to 
run two-thirds full. Then, 

3Q 



l=- 
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HcLE VI. — Other d'vmenmons of 6?tcfe(a. Distance between 
their bottoms, measured on the sole (or inner circumference) = 6. 
Opening between lip of bucket and front of the next bucket above 
— when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0° and 24°, -=; for steeper 
, 6 . , '6' I- 

slopes, g X sin. slope. 

KnLE VII. — To find the best positions for the guid&-blada, 
between which the water flows on to the wheel. 

In fig. 103 let A B be a section of a bucket, E its lip. Draw 
1 the straight line B D H a tangent t o th e cir- 
cumference of the wheel ; and make B D =■ «, 
the surface velocity; and B H ^ 2 w. Draw 
D L parallel to a, tangent to the lip of the 
bucket; draw HO peiTtendicular to BH, 
cutting D L in ; join B C. 

Then B C represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet hetn^een the series of guide- 
blades is to be placed at the depth below the 
topwater level iu the penstock due to that 
velocity. 

Also, .i::: H B C will be the proper angle 
for the guide-blades of the middle outlet to 
malte wit\i ttie tougE^As \a the circumference 
d the wheel a.^ t\iei ■goi-Q.te -^^isipa "ina'j laiaa. 




Fie- 103, 



it, in order that the water may glide into the bucket ■without 1 
(JoUision. The co-effieient of contraction for orifices between giiida- I 
lilades is about e ^ 0-75; conseqnently tte total area of the out- 
lets required for the flow Q, is given approximately by the 
J*. <.„,! t\,;= ;=, to be provided by having a 



formula, 



LOJ this 



Bufiicient number of outlets before and behind the middle outlet. I 

The positions of the guide-blades for these outlets are found as | 
follows : — 

Take the depth of the narrowest part of ea«h outlet below the i 

topwater level of the penstock; compute the velocity due to that I 

depth; from B lay off distances, such as B K, B L, representing ' 

ihose veloqities, so as to find a series of points, such a.9 K, L, in tha I 

line D C L; then will .^HBK, ^^HBL, be respectively the ' 
proper inclinations to tangents to the wheel, for the guide-b' 

of outlets where the velocities are B K, B L ; and so on for other ] 
guide-blades. 

The formula gives a total area of outlet rather greater than ia ' 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 

Uades, the height of the topwatet above the regulator, necessary to I 

give the required flow Q, treating the regulator as an ovetiall with J 

the co-efficient of contraction 07, should be computed by the for- i 

mala A' = f y ; and the depth of the upper edge of the' J 

lowest guide-blade below the topwater level should be made not { 
less than the height so found. 

3. Dndenhai \rheeU (Pvncelista'}.— BULE YIII. — {Usoal dimsnr ' 

noTia of whed and sluice.) 
Diameter = fall x 2, nearly. 
(The Jidl is measured from 
the topwater of the peu- 
Btock to the centre of its 
outlet) Depth of shrouding 
^ ^ falL Greatest depth of 
opening of sluice ^ | fall, 
To calculate breadth (i) of 
(n>ening of sluice; let Q be 
the volume of water, in cubic 
feet per second; h, the fall 

5 Q 
in feet; then b = .-, ,. 

Rule IX.— To dedgn the whed-racn. In &g,. \t3't fews "^"^ "^^ 
tangent to the wheel, with a declivity oE one iii \ftiv- 




Fig, 104. 



At the height ^ above H F G, draw E L to represent tiie 

upper Hur&ce of the streftm, meeting the eircumference of the 
■wheel at the poiut L. Then make the section of the bottom of 
the wheel-raoe from G to F an arc of a circle, equal to G L, and. 
of the same radius; that is, the outside radius of the wbeel. 

From Q to E the wheel-race is formed so as to clear the wheel 
by about 04 inch. 

EcLE X.— To design thajloats:— 

In fig. 105 draw B C to repi-eseut the direction and velocity of 
„ the stream of feed-water A, and BN 

a tangent to the circuaiference cf 
the wheel at the centre of that 
stream; and from C let fiill CS 
perpendicular to B N. Make B D 




= ^ of B N, and join O D. This 

line will be parallel to a tangent to 

the lip E of the float The rest of 

r;„ 105 the float may be made of the figuw 

of a circular arc, touching a radios 

of the wheel at its inner edge. From two to three floata in tlie 

length of the arc L G (Gg. 103} are in general a eoffiiaeait 

number. 

The efficiena/ of this wheel is about '6 when not drowned, and 
■i8 when drowned. 

4, Uadenfasi Wheel In bh Open CnrrcBi.- 

have their floats usually plane and radial, 
apart equal to their depth. 

Iti7i,E XI. — The following is the useful work per second of 
Buch a wheel; v being the velocity of the current; u, that of tfas 
centre of a float; A, the area of a float, in square feet; and fi, 
the weight of a cubic foot of water ; — 



R!i = 0-8 



T)Av(v-u)«. 



The velocity of the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efficiency at that speed 
is 0-4. 

5. Tart>ia«h — Bdle XIL — For the vdocity of the Jied-toater; 
in impulse turbines take the velocity produced by the whole head; 
in pressure turbines, the velocity produced by half the head. 

Rule XIIL — To find the proper obliquity o/'llte guidg'bladtt to 
, the receiving surface of tVve ■7j\iee\', iwte ftie -soWmo of (iwd- 
water per second by the area oi "Caa recevrais, ™.iXacsi dl -iJ&a -vVm^ 
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(diminished hy -^ for contraction), and by the Telocity of feed; the 
quotient will be the aine of the required angle. 

Rule XIV. — To find the proper obliquity of the fioata to tha 
zeceiving surface of the wheels iu impidse turbine proceed aa in 
3lule X., page 272; in pressure turbines mate the receiving enda 
rfthe floats perpendicular to the receiving surface of the wheel 

Sdlb XV. — (In. thia rule the discharging surface of the wheel 
8 supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discharging surface of the 
frheel. In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats; io jji^ssure turbines take the tan- 
igent of the obliquity of tlie guide-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
jdivide the product by the radius of the discharging surface. The 
Ctuotient will be the tangent of the obliquity of the discharging 

' I of the floats. 

Be-BctfoB Wheel*.— HuLE XVI. — To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
jer second by the velocity due to twice the head. 

7, 0;dninllc Bum. — The following proportions for hydraulic 
rams have beea found to answer in practice ;— 

Let h be the height above the pond to which a portion of the 
'Vater is to be raised ; 

H, the height of topwater in the pond above the outlet of the 
■waste clack ; 

I the length of the supply pipe from the 
.pond to the waste clack; 

D, its diameter; then 

H.A;L.2-8H = 0.U;.;D== = A.. 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram haa been found by experience to have 
the following average value : — 



8, windmill*.— Smeaton'a proportions for sails. (See 

iB = ^AC:BC = ^AC; BD = CE = iAC;CI 

Jnji«o/Mww!A«r, or obliquities of ibe sail to \,Ve ^t«. <A 
or, at differeut distances from the axis o£ 1.\ib -wuii-A^'^S 



I 
I 
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Distance in eixtha ofAB,... i 3 3 4 5 6 

(fii-at bar) (tip) 

Angle of weatlier, 18° 19° 18° 16° I2°J 7°. 

Best speed for tips of aaila, 2'G x speed of wind. 

SJective power, in foot-lbs. per second = '00034 Ai^; where 
A = area of circle swept by sails, in square feet, ajid v = velodt/ 
of wind, in feet per second. 

BeCTION III. — KULE3 BELATDJQ TO PeOPULSIOH OP YeSSEU. 

1. Buiuance of TchcIi. — For relations between speed in feet 
per second and speed in knots, see pages 102, \\i. 

Bulb I. — Given, the intended greatest speed of a ship in knots; 
to find the least length of the after-hody necessary, in order that 
the resistance may cot increase faster than the square of the 
speed ; take Ihree-eiglUhs of the square of the speed in knots for the 
leDgth in feet (Scott Bussell's Bule). 

To fulfil the same condition, the fore-hody should not be shorter 
than the length for the niter-body given by the precedjug rule, and 
may with advantage be 1^ times as long. 

iluLE 11.^ — -To find the greatest speed in tnots suited to a given 
length of after-hody in feet ; take the square root of 2| times that 
length. 

Rule III. — When the speed does not exceed the limit given by 
Hule II,, to find the probable resistance in lbs.; measore the 
mean immersed girth of the ship on her body plan; multiply it 
by her length on the water-line; then multiply by 1 -i-4 (mean 
square of sines of angles of obliquity of streamdines). The prodnct 
is called the awjmerUed suT/ace. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-efficient; the product will be the probable resiatauoe 
in lbs. (See also page 303). 

Co-efficient for clean painted iron vessels, '01 ; 

„ for clean coppered vessels, -009 to '008; 

„ for moderately rough iron vessels, "01 1 and upwards. 

Ettlk III. A. — For an approximate value of the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots hy the square of the cube-root of the 
displacement in tons. For different types of steamers the resist- 
ance ranges from 'S to 1'3 of that given by the preceding calciilar 
tion. 
Rule IV. — To estimate the tie* or elective horse-power expended 1 
in propeUiag the vessel ; mu\t\p\j ftia T«Q*aTiiifc Si^ ^-Ve a ' " 
knota, and cUride ttc product by S'iG. 
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Rule rV". a. — To estimate the groes or indicated Jioree-power re- 
qniredj divide the same product by 326, aud by the combined 
effieienay of engine and propeller. In ordinary cases that efficiency 
18 from '6 to -625 — average, say '613; therefore in aueh cases the 
preceding product is to be divided by 200. 

2. ThrnM of rropeilcra.— KuLE V, — To calculate the thnist of a 
propelling instrnment (jet, paddle, or screw) in lbs.; multiply 
together the transverse aectioDal area, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, rdativdy 
to the ehip, in knots; the real slip, or part of that speed which is 
impreesed on that stream by the propeller, also in knots; and the 
constant fi66 for sea-water, or 5-5 for fresh water, 

PiULE VI. — Given, the product of the velocity of advance, in knots, 
of a screw propeller as if through a solid (= pitch in koota x re- 
volutions per hour) into the slip of that screw relatively to tha 
water in which it works (also in knots); required the product of 
speed and slip of the sti-eam from the screw, for use in Rule Y. 

Multiply the first product by 1 — — !— ^^ , {This is a cood 

circumference ' ° 

rough approximation when the circumference is between 1^ and 3J 
times the pitch.) 

Remark. — The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
radial paddle-wheel is greater than that required to diive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

. / f outer radius of wheel \ . 

^V Vheight of axis above water^' '' 

3. nonent at Sail. — The centre of buoyancy of a ship is the 
centre of her immersed volume (found by the Rule of page 84^ 
Article 7). 

Bulb VII. — To find the height of a ship's melacenlre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the lutlf-bj-eadtlis at the load 
■water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane fignre having the length of the 
load water-line as its base. Find the area of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacectre above the centre of buoyancy; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the 7«ietacGnirio 
height. 

m Bulb VIIL— To find the moment o/ sail t\isA o. Aw? cB.ti.Niw«' . 

mmaltipfy together the metacentric lieigbt in. i«Ai *^>^ Si»$i»s»- 
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ment in tons, fhe factor 33iO (to reiiiice the tons to ptranda), 
ttie sine of the intended aagle of eUadyheel; the product will be 
the required moment in fixit-lbs. 

Ordinary values of sine of angle of steady heel; ehipa, -(ff; 
schooners and cutters for trade ot: war, -lOS; jachtSj -157. 

Rule IX. — To calculate the tnoment of a given set of aaUi. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of effbi-t of the 
sails above the centre o/latercd resistanee of the vessel. 

Reuares. — Sails are adapted to a vessel by so adjusting their sjn 
and figure that the results of Rule VIII. and Eule IX. are equal 
The pressure of wind to whiok the extent of canvass called "all 
plain Bail" ia usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages S3, Hi. 

The centre of lateral re^tanee m at a depth below the sui&n 
of the water nearly equal to half the vessel's draught of watn 
amidships. 

The equivalent triangle has for its hose a line which usually ex- 
tends horizontally from the clew ef the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the taek of 
t/ie jib ;—anA for its height, three times the height of the centre of 
effort above its baae (called the base of sail). 

Rule IX. a. — Given, tiie moment of sail, M, as found by Kule 
VIII., and the base of sail, 6; to find the height, z, of the centifl 
of effort above the base of sail; also the area«f sail. Let h be the 
height of the base of sail above the centie of lateral resistance; 

then = = -y/(j.^+ ^) - 5: »d .re. = H si. 

Examples of length of base of sail -r length of ■vessel ou load 
water-line. Fore and aft rigged vessels 
vessels, 1-6 to 1'35; full-powered Bteamt 
the base of sail usually has a gap in 
boilers). 

Rule X. — -Direct pressure of wind i 
J (velocity of wind io knots}^ 
nearly = — j^^- -. 

(See ShiphuUdiTtJj, T/KoreliacU and Practical, by Watts, Rankins, 
Napier, and Barnes.) 



9 to 1'6; square ri^eJ 
I, 1-0 to 0-5 (in steameif 
t over the engines and 

lbs, on the square fool 



HEAT AND THE STEAM ENGINE 

Section I. — Kules relatiso to the Mechahical Action of 
Heat, especially thbouos Sieail 

1. ThermatiTnaiDiGs. — As to measures of temperature, and oi'M 
quantitieB of heat, see pages 105, 106. 

EuLE I. — To find IJiB quantity of heat required to produce » 
given rise of temperature in a given weight of a given Bubatanoe; 

■ miiltiply together the rise of temperature, the weight, and the 
ipeeifia iieat of the Bubatauce. (See Table, pages 278, 279.) 

EcLB II. — To eonvert quantities of heat into equivalent quantities . 
^iKwA; — 

Britiflh Fahrenheit-units into foot-lbs., 7 

British Centigrade-units into foot-Iba., 1,3 

French units into kilogrammetres, 4 

British uuits of evaporation into foot-lbs., 74S>8' 

French units of evaporation into kilogrammetres, az7,3oo. 

The first three numbers are values of the dynamical equivalent'^ 

liff Iieat, often called "Joule's Equivalent," and denoted by J. J 

RVLE III. — To convert temperatures on the ordinary scales into J 

absolute temperatures. (See page 105): — 

In Fahrenheit's degrees, add 46i''-3 

In Centigrade degrees, „ 274 'o 

In Kfeumur's degrees, „ 219 'a 

Fslir. Cent. 

Absolute temperature of melting ice, 493°'3 274° 

Atmospheric boiling point of water, 673* a 3J4 

(See Table, pages 280, 281, 282.) 

Rule IV. — To find the effidenoy oi a perfed heat engine, working ■! 
between given limits of temperature; divide the difierence or rowya 
between the limits of temperature, by the higher limit of (disolute 
temperatvre. 

£,EUARK. — The efficiency thus found is ne^et Iv-Ki-j ^«i&ie&."M 
My actunl ieat-engine, but IB a][)pTO]dm&t«& \a im. "ioft omss» ** 
JiaproreiaeDt, 
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Table of the Elastigitt of a Pebfect Oasl 



EXPLANATION OF SYMBOLS. 

T. — ^Temperature, measiired from the ordinary zero. 

t. — ^Absolute temperature, measured from the absolute zero. 

P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot. 

V. — rYolume of one pound avoirdupois in cubic feet. 

PY. — ^Product of these quantities at any given temperature. 

p^Y^ — ^Value of that product for the temperature of melting ice. 



Centimde. 


Fahrenheit 


PV 


T 


f 


T 




PoVo 


-30° 


244** 


-22° 


4392 


0*8905 


-«5 

— 20 


240 


— iq . 


4.48*2 


0*9088 

0*9270 


*iy 

254 


• •••• *o • 

- 4 


457-2 


-15 


259 


+ 5 


466*2 


0'9453 


— 10 


264 


14 


475*2 


0*9635 


- 5 


269 


23 


484*2 


0*9818 





274 

279 


32 . 

41 


40^*2 


I *oooo 


+ 5 


tyo " 

502*2 


1*0182 


10 


284 


50 


5112 


1 0365 


15 


289 


59 


520*2 


1-0547 


20 


294 


68 


5292 


1*0730 


25 


^99 


77 . 


538-2 


1*0912 


30 


304 


86 


547-2 


1*1095 


35 


309 


95 


^^^'^ 


1*1277 


40 


314 


104: 


565-2 


1*1460 


45 


319 


113 


574-2 


1*1643 


50 

55 


02A. 


122 . 


583-2 

• 5922 


11825 

1*2007 


0*T 

329 


131 


60 


334 


140 


60 1 '2 


1*2190 


65 


339 


149 


6lO*2 


12373 


70 


344 


158 


619*2 


1-2555 


75 

80 


349 

354 


167 . 

176 


623*2 


1*27^8 


637*2 


1*2920 


85 


359 


185 


646*2 


1-3103 


i?o 


3^4 


.194 


655-2 


1-3285 
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Centigrade. Fahrenheit. ^^ 

T « T 1^ P^Va 

95** 369* 203* 664-2 1-3468 

100 374 ,., 212 673*2 1*3650 

^05 3?9 221 682*2 I '3832 

no 384 230 691*2 1*4015 

115 389 239 700*2 1*4197 

120 394 248 709*2 1*4380 

125 399 257 718*2 - 1*4562 

130 404 266 7 27 -2 1*4744 

135 409 275. 736*2 J 4927 

140 414 284 745*2 1*5109 

145 419 293 754*2 1*5292 

150 424 302 763*2 1*5474 

155 429 311 7722 1.5657 

160 434 320 781*2 1*5839 

^65 439 329 790*2 I -602 2 

170 444 338 799*2 1-6204 

175 449 347 808*2 1*6387 

180 454 356 817*2 1-6569 

185 459 365 826*2 16752 

190 464 374 835*2 1*6934 

195 469 383 844*2 ^ 1-7117 

200 474 392 853*2 1*7299 

205 479 401 862*2 1*7481 

210 484 410 871*2 1*7664 

215 489 419 880*2 1*7846 

220 494 428 889*2 1*8029 

230 504 446 907*2 1*8394 

340 514 464 9252 1 8759 

250 524 482 943'2 1*9124 

260 534 500 961*2 1*9489 

270 544 5^8 979*2 1*9854 

280 554 536 997*2 2*0219 

290 564 554 1015*2 20584 

300 574 572 1033*2 20949 

310 584 590 1051^2 2*1314 

320 594 608 1069*2 2*1679 

330 604 626 1087*2 2*2044 

340 614 644 1005*2 2*2409 

350 624 662 1123*2 2*2774 

360 634 680 1141*2 2*3139 

370 644 698 1159*2 2*3504 

380 654 716 1177-2 v*^^^ 
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Centigrade. Fahrenbflit. PV 

390** 664* 734^ 1195-2 2-4234 

400 674 752 1213*2 ••••». 3*4599 

410 684 770 1231*2 3*49^4 

420 694 788 1249*2 2*5329 

430 704 806 1267*2 2*5693 

440 714 824 1285*2 2*6058 

450 724 84* 1303*2 2*6423 

460 734 860 1321*2 2*6788 

470 744 878 I339'a 27153 

480 754 896 1357*2 2*7518 

490 764 914 1375*2 2*7883 

500 774 932 1393*2 2-8248 

520 794 968 1429*2 2*8978 

540 814 1004 1465*2 2*9708 

560 834 1040 1501*2 3*0438 

580 854 1076 1537*2 3*ii68 

600 874 1112 1573*2 3*1898 

620 894 1 1 48 1609*2 3*2628 

640 914 1 184 1645*2 3*3358 

660 934 1220 1681*2 3*4088 

680 954 1256 1717*2 3*4818 

700 974 1292 1753*2 3*5547 

720 994 1328 1789*2 3*6277 

740 1014 1364 1825*2 3*7007 

760 1034 1400 1861*2 3*7737 

780 1054 1436 1897*2 3*8467 

800 1074 1472 1933*2 3*9197 

820 1094 1508 1969*2 3*9927 

840 1 1 14 1544 2005*2 4*0657 

860 1134 1580 2041*2 4*1387 

880 1154 1616 2077*2 4*2117 

900 1174 1652 2113*2 •.•.... 4*2847 

920 1 194 1688 2149*2 4*3577 

940 1214 1724 2185*2 4*4307 

960 1234 1760 2221*2 4*5036 

980 1254 1796 2257*2 4*57^6 

1000 1274 •......•.••• 1832 2293*2 .•.••••••••• 4*6496 



^^ HEAT ENQDTEa — BTEAM. 2tH 

Eni.B V, — To find the totai work in a heat-engine done by ft 
given expenditure of heat; reduce the expendituve of heat to nnita 
of work (see Eule II., page 377), and multiply hy the efficiency. 

Eeuark. — A quantity of heat equivalent to the total ■work 
thus found disappears; and the remainder of the heat expended 
is rejected. 

Rule VI. — To find the expenditure of heat in a heat-engine 
required in order to do a given total quantity of work; divide by 
the efficiency, or multiply by ita reciprocal; the product will be the 
required expenditure of heat expressed in equivalent units of work; 
■which may be reduced to units of heat by dividing by the proper 
oo-efficieut, as given in Rule II. 

As to acpansioH hy heat, see pages 147, 146; also Tables, pages 
278 to 283. 

Rule VII. — To find the toUd heat of evaporaiion of an unit of 
weight of water : the temperature of the feed-water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units, or 537 French units), add 1 for every degree that the feed- 
water is hdow the atmospheric boiling point, and 0-3 for every degree 
that the actual boiling point is (Aovs the atmospheric boiling point. 

To calculate the same quantity iu unita of evaporation at tko 
al/>nosp]ieric boiiing point, divide the result of the preceding calcn- 
lation by 966 for British Measures, or 637 for French Measurea, 
(See Table of Factors of Evaporation, page 284.) 

£uLE VIIL — To calculate the pressure of steam corresponding 
to a given boiling point, or the boiling point corresponding to a, 
given pressure. Let p be the pressure (absolute); (, the boiling 
point, in absolute temperalwre; A, B, C, couBtants, Then 

, . B C 1 y/A - logp W\ 

^^p = ^- -t-r'-t = '\/\r-c*-m}-2^ \ 

"Values of constants for steam, with common logarithms, tmd 
preBSores in lbs. on the square indi, — 

A LogB. LogC. ^. ^^,. 

<S'ioo7 3'43l'43 5-59873 0-003441 o-oc 

B=a732; = 396045- 

Rule IX — Given, the volume of a pound of steam at a given J 

pressure; to calculate the volume of a pound of steam at another ' 

pressure. The difference between the logarithms of the volumes 

is veiy nearly sixteen, aeventeenths of the difference between the 

logarithms of the absolute pres3Uj;es; and the greater volume 

corresponds to the less pressura 

I This rule serves to find volumes of steam correa\io'o.Sa\^'«>'? 

■"intermeiiiate between those given in. the TsAA.ei'eft-^ft* ^^ ^^™ 
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Rule IX, a.— (/"ounrfsrf on Fairbaim and Tale's Rule for iha 
I Yolume of Steam, Init with different constanta.) — To the absniuto 
esaure in lbs. on the square inob, add 0'3a; divide 389 by 
Bsum; to the quotient fidd 0'41 ; the sum will be the Tolunie of 
e lb. of steam in cubic feet, nearly, for presaui-ea ranging from J 
htmospbere to 10 atmospheres. 

For relations between pressures, volumes, and temperatures o£ 
rteam, see Plate at end of yolume. 
ItuLE TY B. — To find the weight of steam required to fill a given 
jToTnme at a given pressure; divide the given volume by the volume 
of one lb. of ateam. 

Efftot of Salt on Bmling-point. — Each 32d part by weight of salt 
in vrater raises the boiling-point l°-2 Fahr. — 0°-67 Cent. Ordi- 
nary sea-water contains one-32d part of salt 

2. Action of Hlenm In CTllndcr.— RULE X. — To calculate the 

ind^aied power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Rules 
XV. and XVI) determine the mean effective pressure; multiply it 
by the effective capacity (^cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine; the product will be the indicated ^li-vftj in foot-pounds per 
minvie; which, being divided by 33,000, wiU give the indicated 
horge-power* 

Remabk. — As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volnme swept, see page 239, 
Remark on Rule IV. 

Role X A. — Or otherwise : — Multiply the inean effective pressttrg 
by the area of piston, for the load; then multiply the load by tha 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled; 
in double-acting engines both forward and return strokes, whosB 
amount per minute is then called mean speed of piston.) 

Reuakk. — The effective or available power is usually about O'S 
of the indicated power; that fraction being the ejiciency of tha 



I 



Rule XI. — In a proposed steam-engine, to estimate the ratio in 
■which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let ti denote the mean velocity 



" When indicator-diacramfl are taken for acientiiic purposes, tie woatker- 
barometar ghonld be obaerved, in ordar tint absolute pressures may be da- 
dncad from the diagram ; which, of itself sbowa onl^ ditftTe-nM.B\«l««eeo.'CB» 
proMiirosoftlie steam aad of the atmospliete, AaU)Coa^<K6u«><S.'iP<*''^"**»a 
aecpKget 103, 115. ^ 
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of the piatoa in feet per second; — , the ratio ia whicli tte area of 

the piaton is greater than that of the ateam-port of the cylinder; I, 
the absolute temperalvre of the steam in Fahrenheit degrees; then 
the required ratio is newrly, 

i^A.^ 

I8U I a?' 

The Telocity of the steam in the port, — , should not exceed 

100 feot per second; and then the ratio becomea 1 ■ 

^ 1 — — nearly for Fahrenheit's scale, or 1 — —for the Centignde 

scale. Let t = 720° Fahr. = 400° Cent.; then the ratio = 0-93 
nearly. 

BOLK XIL — To calculate approximately the ratio (-^^l in 

which the mean alsohUe pressure in a cylinder will prol^bly l» 
leas than the initial absolute pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in tha 
cylinder must be prevented by jacketing or by superb eating; 
otherwise the economy due to expansion cannot be realized.) 
Metiiad 1, — (Nearly exact for dry saturated steam.) 

p^_ 17-16r-i'^ 

"p\~ T 

(The quantity r ~" may be computed by taking the reciprocal of 
T (called the effective cul-off), aud eicti'acting the square root Jour 
times.) 

For results of Method 1, see Table A, page 293; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2.^(8team moderately moist: — Absolute pressure k 
volume supposed sensibly constant.) 

pm _ 1 + hyp. log. r 

pT ^ ■ 

For hyperbolic logarithms, see page 14. For results of Method 2, 
see Table B, page 292. 

REiiAiiK-^Itt ordinary practice, the difference between the 

results of those methods is so small, that the choice between 

them depends mainly on vj\ietKev b. XaiAe ot w^jaras or • J 

iijperhoiic io^rithms ia at_W.ud. 



[VE WORKING OP STEAM. 



2D1 



Then in D A take E, s 



that=^ 



■ sLall 




Meilwd 3.*— (See fig. 107.) Draw a straight line C A B, in 
■which make A B ^ i A C. Draw A D perpeudicular to C A B; 
and about describe the circnlar arc B D cutting A D in D. 
D E 
DA 
he effective cut-off (and 
DA 
f iiisequently.j^-=, the rate of expani 

At E draw E F [larallel to A B. 
E F 
. „ will be the required ratio of 

to initial absolute preaaiire, nearly. 

The reaulte of Method 3 lie bet' 
those of Metlioda 1 and 2. *'S- *"''■ 

ItuLB XIIL — Given, the initial absolute pressure, the absoliita 
baok-presBure, and the rate of expansion; to calculate the mean 
^eetive preaswre; multiply the initial absolute pressure by th» 
ratio foand as explained in Kide XJI. ; the product will be ths- 
mean absolute pre»nure; from which subtmctiug the back-pressure, 
the remainder will be the required mean effective pressure. 

Ahsolvie back-pressure in lbs. on the square inch; 
In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to o. 

EuLB XIV. — To allow for the effects of clearance on the exjian- 
aion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylinder-capacity; -,, the actual 

ait^ff, or fraction of the stroke during which the steam is admitted; 

-, the effei^xoo aiA-qff, or reciprocal of the rate of expansion. Thea 



1 



1 



1 + 



From the real rate of expansion »•, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by/i^; then the corrected mean absolute pressure is 
as follows:— 

Case I. When there is no cushioning; p'm=Pm — '' {Pi,~Pm)i 
jjj being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the cleai'anca 

at the pressure p^ ; p', = ti- 

• Firat ifuLiished ia the En^'mut i<x titie \^*ii. S^'fi'^ ■^*''^- 



202 HEAT AND THE STEAU ENGINEL 



Expansive Wobking 


ofSteam.- 


-Table A.- 


^Dry Saiurated Steam. 


r 


\ 


rp« 


Pi^ 


^ P* 




r 


I'l 


fPM 


P» Pi 


20 


•05 


3*73 


•268 


S'3^ -186 


i3i 


•075 


339 


•295 


3*93 -254 


10 


•I 


3*14 


•318 


318 -314 


8 


•125 


297 


•337 


270 '370 


6| 


•15 


278 


•360 


240 '417 


5 


•2 


2*53 


•395 


198 •506 


4 


•25 


2*33 


•429 


172 -582 


3i 


•3 


2*16 


•463 


1-54 -648 


2^ 


•35 


2*02 


•496 


1-42 -707 


2^ 


•4 


x'89 


•529 


1-32 756 


»« 


•45 


178 


•562 


1*25 -800 


2 


•5 


1-68 


•59<5 


1*19 '840 


;i^ 


•55 


^•59 


•630 


114 -874 


•6 


1-50 


^66 


i-ii -900 


^^ 


•65 


1-43 


•700 


i'o8 '936 


i4 


•7 


1*35 


740 


I -06 '945 


i^ 


•75 


128 


778 


1*04 '960 


4 


•8 


1-22 


•819 


102 '976 


It'7 


•85 


i-i6 


•861 


I'OI '986 


I* 


•9 


I'll 


•903 


1-005 '995 




Table B. — Moderately Moist Steam. 


20 


•05 


4*oo 


•250 


5'oo •200 


I3i 


•075 


3*59 


•279 


372 -269 


10 


•I 


330 


•303 


303 -330 


8 


•125 


308 


•325 


2*6o 385 


6| 


•15 


2*90 


•345 


2-30 -435 


S 


•2 


2-6i 


•383 


1*92 -522 


4 


•25 


2*39 


•419 


1-68 -596 


3f 


•3 


2*20 


•454 


1*51 -661 


2f 


•35 


2*05 


•488 


1*39 717 


2i 


•4 • 


i'9i 


•523 


131 765 


2J 


•45 


I -So 


•55<5 


1*24 '809 


2 


•5 


1*69 


•591 


i-i8 -846 


It 


•55 


I -60 


•626 


1-14 -878 


•6 


1*51 


•662 


1*10 -906 


^fr 


•65 


143 


•699 


1*07 -929 


li 


•7 


136 


737 


105 -950 


li 


•75 


1*29 


•777 


1-04 -965 


If 


•8 


1*23 


•818 


I -02 '978 


^fr 


•85 


I-l6 


•%^o 


vol -989 


H 


•9 


I'll 


•9^^ 


VWi«^ ^^^t;^ 



fwoBK iSB vrrassxsoT of btbul ^^^H 

Explanation of Tables, — r, rate of espaoaion; -, effective H 
t-off; pi, initial absolute preaaure; pin, mean absolute pressure. I 
EcLB XV. — To find the effective cylinder-capacity required for a H 
Proposed steam-engine. To the intended useful toork per minute V 
tdd an allowance (eay ons^ovrlk on an average) for resistance of 
eginej tte sum will be the indicafed work per ■mimtte. Divide, if 
lie engine is siugle-actiog, by the intended number of revolutions, 
' if double-acting, by twice the intended number of revolutiona 
ir minute, for the indicated work per stroke; which being divided 
' the intended mean effective pressure, will give the required 
recti ve cyliuder-capacity. 

As to the units in which it will be expressed, see page 239. 
Divide the effective cylinder-capacity by the length of itroke; the 
Quotient will be the a/rea ofpisloTi. 

3. Bipendllnrti of Ueal lu Ibc CTllnder nnd ElBcleBcr of Ibe 

teaani.— Rule XVL — To calculate the absolute pressure of release 
jj(0 (thabia, the ahsoliite pressure at the end of tlie expansion); 
, Case L — Dry saturated steam, 

otk^tmse; in the left-hand diagiam of the plate find the volume 
x>TrespondiDg to p^; multiply it by r for the final volume, and 
ind the corresponding pressure from the diagram. 

Case II. — Moderately moist steam; divide the initial pressure 

tiy the rate of exixtnsion (that is, makepj = )■ 

Rule XVII. — To calculate the intensity of a pressure {p^, 
Sequivalent approximately to the rate at which heat is expended in 
.<iie cylinder. Find p„ as in Eules XII. and XIII., and ^^ aa in 
UnleXVI.; then 

In condensing engines, ?)* = p„ -H 15 p^; 

In non-condensing engines, p* = p„ -H 14 p^'i 

These results are correct to about one per cent. 
Rule XVIII.— To calculate the effidency tjf l)ie lieam. Let p^ 
^ the back pressure, and p.-p^— p. the mean effective pressure, 
l&und aa in Rule XIII. Then 






Efficiency of steam = 
BcLE XIX.— To find the expmdilure of liegit tti, llw c-v)V^t'.A«r 
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given time; either multiply the indicated work in that time by the 
reciprocal of the efficiency, — ; or multiply the volume swept by 

the piston in the same time by p^ 

The result is expressed in units of work, which may, if required, 
be converted into ordinary units of heat, or into units of evapora- 
tion, by dividing by the proper co-efficient as given in Kule IL, 
page 277. For practical purposes units of evaporation are the 
most convenient. 

BuLE XIX. A. — For the effisct of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
clearance; then, — 

Case I. — If there is no cushioning, multiply by 1 + c /. 

Case II. — If there is cushioning sufficient to fill the clearance 
with steam at the absolute pressure |?,; multiply by r-nf'. (See 
Rule XIV.) 

Eeharks. — The result of the preceding calculations includes not 
only the heat requii-ed to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^ ; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation ; and then discharged against a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Rule A. — ^Work of one lb. of steam, XJi — TJg. 

Rule B. — ^Expenditure of heat, in units of work, TJi — TJg + Hg 
— A; the value of h being that corresponding to the temperature 
of the feed- water. Of this heat, H^ — A is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. Expendltnre of Water.— RuLE XX. — ^To find the net wdgM of 
feed-water required per stroke; divide the total cylinder-capacity 
by the volume of one lb. of steam at the pressure of release {p^, as 
found by means of Rule IX., page 283, or IX. a., page 289 ; or of 
the Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Rule XX a. — For a rough approximation to the riet toeight of 

water per stroke, correct to 10 per cent., and erring on the safe 

multiply together the absolute pressure of release and cylinder- 

iy 80 as to get the prodxxcl;^ m foot-lbs., and divide by 
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60,000. For tte ajiprnsimate net volume in (mbic /eel per stroke, i 
divide the same product by 3,000,000. 

Anothev rougb apjiroximatlon to the net weight of feed- water ii 

a given time is to take the expenditure of heat on the Bteam (Kula I 

XIX.) in uiiita of evaporation. I 

Edle XXI.— For the grots feed-tealer, multiply the net feed- ; 

water. 

If the supply is pure water, by 2; 

If ordinary fresli water, l>y 2^ ; 

If aea-water, and the brine is to bo discharged at n times 

the saltness of sea-water, multiply by j-. 

Values of 71, 3 2.^ 2. 

feed-water, ^ x), 4. 

net ' J iij t 

KuLE XXII. — In a coudenaing engine, to calenlate the -rut 
«)eiy7i( of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the rejected heat, in units of work per 
stroke, which is to be divided by 35,000 for BritiHh Measures, or 
10,600 for French Measures, to give the weight in lbs. or kilos. 

For imiic Jiet per stroke, divide the rejected beat in foot-lbs. hy 
8,200,000. 

Rule XXIII. — For the gross supply of condensation- water, 
multiply the net supply by 2. 

SECnON II. — EULES RELATING TO FuRNACES AND BoiLms, 

1. VhsI. — Edlk I. — To estimate the (Aeorrficai evaporative power, 
lihat is, the total heat of combustion of fuel, in units of evapomtioa 
I (see page 277), per unit of weight of fuel, from the chemical analysis 
'«f the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of caeh as a fraction of 
ihe whole weight analyzed. Let C, H, and be the fractions for 
carbon, hydrogen, and oxygen respectively. Then, 

Theoretical evaporative power = 15 + 64 ( H — -^1, 

Kdle IL — jVei weight of air chemically necessai'y for the c 
plete combustion of an unit of weigjit of fuel ; 



'(--?)• 



I 
I 



In most furnaces some additional air is required, to dvWte 'iJws. -^jto- 
dncta of combustion, thus increasing tlie au^'^Vj <A aivc ■cB.'i^iiKi^ "s 
tberatio of l^ : 1 or 2 : I. 
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Examples of Theobetical Evapobatiye Fowebs of Fuel. 

Carbon, ig 

Hydrogen, 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, 15 

Bituminous, from 14 to 16 

Oxygenous, about 13.1^ 

Brown, „ 12 

Peat, absolutely dry, „ 10 

Wood, do., •. „ 7^ 



» 


» 


>f 


» 


99 


» 



Bad qualities of coal from a given coal-field, about | of the best 
qualities. 

KuLE III. — To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven-twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
examples : — 



Square feet 

heaung surf aoe 

per lb. fuel 

per hour. 

Small heating surface, o '50 

075 



Ordinary heating surface in 
tubular boilers, 



Water-tube and cellular 
boilers, 



I -co 
1-25 
1-50 

2 'CO 

300 

6 -00 



Efficiency 

of 
Furnace. 



0'46 

0-5S 
o*6i 

0-65 

0*69 

073 
079 

0-84 



Ayailable heat 
per lb. coal, 

if total heat is 
13^ units of 

Evaporation. 

6'2I 

7*43 
824 

877 

931 

9-85 
IO-66 

11*34 



The efficiency of a furnace is liable to be diminished by from '2 
to '5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fan; put 0*3 
in the divisor instead of 0*5. 

BuLE IV. — To estimate the available heaJt of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

Bulb V. — To estimate the probable expenditure of fuel in a 
time required in a given steam engine, 
mate the expenditure of heat by Rule XIX. of the preced- 
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ng section, page 294, and divide it by the available heat of combiis- 
ion of an unit of weight of the fuel. 

2. DtiiacHalstu «f VauvHcea and Boilen and their FlIlliMt*- — Area 

JUre-grate; in furnaces with chimney draught, fk>in ■! to "04 
uare foot per lb. of fuel burned per hour, 

Area of Jire-grate ; ia fiimftces with draught forced by blast- 
)ipe or otherwise, from 'Oi to '01 square foot per lb. fuel per 

Seating ewrface; see preceding Article. 

Sectional area o/Jluea or liibes from f to i of area of grate; area 
<Xckijtvney, about iS- ai'ea of grate. 

Capacity of boiler; steam and water space = beating surface x 

9m 3 feet to 1^ foot in stationary cylindrical and fiue boilers; 
pom 1 foot to -5 foot in tubular boilers, stationary or marine; and 
fcout ■! foot in locomotive boilers and water-tube boilers. 

Capacity of furnace, jlues, and tubes = area of grate x from 6 to 

feet. 

Area of air-lwles above level of grate = about -^ area of 

Pitch of boiler Hays, from centre to centre ; in marine boilers, 
om 12 to 18 inches; in locomotive boilers, i or 5 inches; work- 
^—tg tension, 3,000 lbs, on the square inch. Working tension on 
oUer shells, from 4,500 to 6,000 lbs. on the square inch. As to 
rength of flues, see page 211. 

Area of safety vtUve. — Rule. — Multiply the greatest weight of 
initer to be actually evaporated in lbs. per hour by ■006; the pro- 
Inct will be the required area in square inches. See p. 303. 

Brine refrigerator for marine boilers ; auriaco of tubes should if 
losaihle be I'j square foot per lb. of brine blown off per hour (from 
} to 1 of gross feed-water). 

Injector. — Sectional area of tiaiTowest part. Role, — Divide the 
gross feed-water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmoapherea; 
the quotient will bo the required area in square inches. For 
circular inches, divide by 630 instead of 800, 

L Section III. — Various Dimensions of Engikes. J 

1. eoBdmt:n—Pumpa.~Common condense, from ^ to ^ capaci^ V 
cylinder. 

Injection sUiiee; find the gross volume of condensation-water per 
minute by Rule XXIII., page 295; divide by 1,620 feet; the 
quotient will be the area in Kquare feet. 

k Air-pump, single-acting, for common condenser; from -^ to -I- ■ 
pacity of cylinder. Yalves and passages of such size tbe.t«^(^ ^| 
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of fluids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. (See p. 304.) 

Feed-pumps depend for their capacity on gross supply of feed- 
water (see Rule XXI., page 295); and cold mater pumps on the 
groBS supply of oondensation-water, (Rule XXIIL, page 295.) 
Brine-pumps for boilera fed with salt water, from J to ^ of capad^ 
of feed-pnmpB. 

Surface condenser, from 2^ to 5 square feet surface per indi- 
cated horae-power; air-putnp, if single-acting, ^ capacity of 
cylinder. 

I 2. aieam-pasnseB and Talre-porta tO be of SUch area that veloti^y 

of steam shall not exceed 100 feet per second. 

3. Mide-TBiTB OenrinB. — By the angular advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rdlb L — Given, the positions of the crank at the instants nf 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half-travel of the slide.* 

In fig. 108 let A E and A C be the positions of the crank at 
the beginning and end of the forward stroke; let the arrow show 
the direction of rotation; let X a; be perpendicular to BC; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the slide is at the foiioard ertd of 
its stroke; and FAX will be the angular advance of IM 



Lay off the distance A F to represent the half-travel ; and on 
A F as a diameter describe the cirele A H F G, cutting A D in 

G and A E in H ; then -r—^ = "t-^- will be the required ratio oj 

lap at the induction-side to half-travel; and A G = A H wfll 
represent that hip, on the same scale on which A F represents the 
half-travel. 

On the saroe scale, I K represents the vMQt of opening of Ai 
valve at t/ie beginning of tits ttroke, sometimes called the "leadt^ 
the elide." Strictly speaking, this is the lead of the induction-edge 
of the slide only ; the lead of the centre of the slide being A K; 
that is, ita distance &om its middle position at the beginning of tlie 
forward streke, 

• Tbe method used in this anl tlie loftoma^-rol™ is that of Professor Dr. 
Zeaner, of the Swiss Federal Po\3\eclimio^"bi«\Bfc7siTui'B, ■\(vW.M\ii»i iu tii 
timtiBe on Slide-valve Gearing, «n.tia«4, Die adiitbtTBlBieniinien, 
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Rule IL— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begins. Produce F A to L, making 

AL=:AF; onAL asa diameter draw a circle cutting A M in 

AN 
N: then . -..- will be the required ratio of lap aJt eduction-side to 

IwXf-Vtavd, 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the cra/nk at tfie instant wlien cushioning begins, 

BuLE III. — Given, the data and results of Rule I., and the 
position, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-twuV^^wcA'Cc^^ Y^'si^^ss^ 
of the crank at the instant of release — ^\>Tod>aL!C» ^ ^ ^ka»\i^«^^ 
onAL^FAassk diameter draw a caxc\& c!vx\X}\si% K ^ '^^ 
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will be the required rcUio of lap aJb the ediidion-^ide to half' 



AL 

travd. 

About A draw the circular arc P N", cutting the circle A L 
again in N; join A N : A N wiH be the position of the crank at 
the instant of release. 

EuLE IV. — Given, the angular advance of the eccentric, the 
half-travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A a; per- 
pendicular to each other; and take B and G to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
E A L, making the angle E A X = the angular advance of the 
eccentric ; and make A F = A L. = half-travel. On A F and 
A L as diametera, draw circles. About A, with a radius equal to 
the lap at the ii^uction-side, draw an arc cutting the circle- on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, A H E, A G D, A N M, A P Q. These 
will represent respectively the positions of theerank at the instants 
of admission^ cut-off, release, and cushioning, 

BuLE V. — For an eccentric to drive a separate expansion gridiron 
slide-valve, make the angular advance 90°; also make width of 
openings -j- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. liink-iHoUoii. — In fig. 109 let A be the axis of the shaft; A B, 
the forward eccentric radius; A G^ the backward eccentric radius; 




-.IP 



Fig. 109. 

B D, the forward, and G E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Badius of curvature of link = length 
of rods, or nearly so* 

BuLE VI. — To find the motion of the slide valve produced by 
AD r ill termediate position of tlci© stvvd^ such as F. 
TVitb a jradiiis bearing the same ipto^oT^csi\.\»>w>l.J \Xi^ ^^tance 
J^ C, that the length of the rods B"D \>eai» W ^5jaa.\» ^l^Oafc^^a^^^ 
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draw tlie arc B C* If the eccentric rods are so placed (as in the 
figure) that "when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D E. Then the 
motion of the stud, F, will be very nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-tra/vd, A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Bule IV. of the preceding Article. 

5. Nominal Hone-Power. — I. Orainary Ride for Condensing 
Engines, — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

II. AdmirobUy Rule for Screw-PropeUer Engines <mly, — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rtdefor Non-Condensing Engines, — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from once to six 
times the nominal power. 

^This constmcfion is due to Mr. M*Farlazie Gray (see his Ckometry 
qf^SUde Valve,) 
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FaaioH •€ Solids.— The following are the mdting points of a few 
of the more imporfcant substances. Those marked ? have been 
measured by the pyrometer : — 



Fahr. 

Mercury, - 38° 

h 32 



210 



Ttht. 




Bismuth, 493 

Lead, 630 

Zinc, 700? 

Silver, 1,280 ? 

Brass, 1,869 ? 

Copper, 2,548 ? 

Gold, 2,590 ? 

Cast-iron, 3>479^ 

Wrought-iron, higher, 
but uncertain. 



Ice 

Alloy— Tin 3, lead 5, ) 

bismuth 8, about, J 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) ^ 

leadl, ; ^^^ 

Alloy — Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — Tin 2, bismuth 1, 334 

Tin, 426 

Latent heat of fusion of ice, about 140 British tmits; of tin, 
500. 

Flow of Oases.— Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be p^ v^, t^, and without the 
vessel, P2, V2f ''2; and let p^ Vq be the value of pv for the absolute 
temperature t^ of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel ; 

k, a co-efficient of contraction, or of efflux, so that the effective area 
of the orifice is A; O ; 

w, the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, the weight of the gas which escapes in a second; then, 

kOu J 
W = s= fcO w • 



.i^o ^0 ^1 




y-l 



Vt 



0- 



)} = 



Valaea of y. air, 1-408 i atea.m-evs>iii^»>aX»V'^ 



"Values of the cO'efScient of efflux h for air, witli effective pres- 
sures of from -23 to 1-1 atmosphere (Weishaob) :— 

Conoidcil mouthpieces, of the form of the con- h 

traoted vein, cgy to o'99 

Circular orifices in thin plates, 0"563 to 0788 

ODiae«BrsiCBin— Bough ApprvxIniDUon. — Let p^ be the internal 
and P2 the externa! absolute pressure; q, wcignt of outflow per 
unit area per second; then when />j = or ,^^;)j, g^p^ -7- 7 On early; 
and when pj ::^ % Pi, q ^ {Pi ^ 42) ■ ^ {{p^ - P^ ^ %Pt}, 
nearly. Contraction for safety valve openings about 0'6. 

Addhndxjm to Part III., page 132. 

XiercllliiB br the BaFomeier.— To Correct the difference of levEiL 
given by the formula, for variations in the force of gravity, divide 
by the co-ellicient of jj in the note to page 215. 



Addendum to Part VIL 

Pririian af i.eatfaer CoiiBri.— The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in. circumference to the plunger, and of a breadth which, according 
to Mr. William More'a experiments, is about iS of the depth (rf 
bearing surface of the collar; and according to the experiments of 
Mr, Hick and Mr. Luthy, from '01 inch to 'OlS inch, according to 
the state of lubrication of the collar. 



Addehddm to Part YIII., page 274. 

Addlllonnl Rcaluancc of Hhfp. ilno la shart ndi^r-badr Let 1} ^M 

the speed in knots; I, the projier least length of after- body, in feet 
= f B^; V, the actual length of after-body; S, the area of midship 
section, in square fcot; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the afler-body; then, 
additional resistance in lbs. — 



1 



v('-y)' 
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EzpioriTe Ou-BngiHe.— Best proportioDS of explosive mixture; 
air, 8 volumes; common coal-gas, 1 volume. Absolute pressure 
immediately after explosion, Pi ^ 5 atmospheres = 10,580 Ibi 
on the square inch, nearly. Let r = ratio of expansion ', p^ = ^ 
solute pressure at end of expansion; p^ = absolute back pressure; 
W = indicated work per cubic foot of explosive mixture. Then 

5 7 

Wnearly = ^(^1 -;)o) - gC*" - '^)P2 + (^ - 1)(P2 " Po); 

W 

the mean effective pressure isp^ = — . 

T 

Approximate formula for final pressure where r is not greater 
than 7 nor less than 2; p^ nearly = 0*54 f - + -^ j — 0O25. 

Addendttm to Pabt VL 

Deflection of f9prin||iu — Straight mrings are to be treated as beams. (See 
page 221.) For sptnil tpringSj made of cyiindrical rod or wire, the foUowing are 
the roles: — 

Let r be the mean radios of the spiral spring, measured from the axis to the centre 
of the wire ; n, the nomber of coils of which it consists; d^ the diameter of the wire; G, 
the co-efficient of rigiditj of the material; f, the greatest safe shearing stress npon it; 
^y, any load not exceeding the greatest ss^e load; v, the corresponding extenaon (X 
compression; W^, the greatest safe steadtf load; Vx, the greatest safe extension or 
compression; then 

W Cd* —, 0-196 /d» 12-666 »/r« 



V 64nr»' "^ r ' * Qd 

2 



The greatest safe sudden load is —^ 



, Wi »i 2-463 n/« r d^ 
The Resilience of the spring is given by the formula, — 5 — =• ^ . 

The values of the co-efficient, C, of transverse elasticity of steel and charootd iron 
wire in lbs. on the square inch, range between 10,600,000 and 12,000,000. 

By the greatest safe stress must here be understood the greatest stress which is 
certain not to impair tiie elasticity of the spring by frequent repetition; say 80,000 lbs. 
on the square incn. 

Addendum to Part IX., page 298. 

Resiatance of Alr-pnmp of Steam-Engliie equivalent to the follow- 

ing additional back-pressure, in lbs. on the square inch of steam 
piston; good air-pumps, 0-5 to 0-75; bad, 1-0. . 



219. \B\iSkmcaft,\Aa, 
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Evaporation, total heat ot, 283. 

unit of, 105, 277. 
Excavation (see Earthwork). 
Expansion by heat, 147, 280. 

by the slide valve, 298. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

Falline body, 248. 

Fall of water, energy o^ 269. 

Feed-pump, 298. 

Feed-water, 294. 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions o^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246. 

component, 159. 

distributed, 146, 158. 

driving, 240. 

resultsmt, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
of; 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on pUes, 182. 

ordmary, 181. 
Frames, bracing of, 168. 

equilibrium and stability o^ 165, 
169. 
Friction, moment of, 241. 

of earth, 180. 

of machines, 240, 303. 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, available heat of combustion 
0^296. 

expenditure o^ 296. 

supply of air to, 295. 

total heat of combustion of, 295. 
Furnace and boiler, dimensions and 
fittings o^ 297. 

efficiency o^ 290* 
Fusion, 302. 

Oafs in station-lines, to measure, 

128. 
Gases, elasticity of, 148, 280. 
Gas-engine, explosive, 304. 



Gases, flow of, 302. 

heaviness of; 149. 

properties o^ 278. 
Gathering-ground (see Eain-fall), 
Gearing, 298. 

Geodesy, eWeering, 117. 
Girder (see Seams). 

continuous, 224 

stiffening, for suspension bridges, 
226. 
Grovemor (see Pendulimi, revolving), 

246. 
Gradients, ruling, 244. 
Granite, strength of, 197, 203. 
Gravity, accelerating effect o^ 245. 

centre of, 153. 

motion under, 248. 

specific, 146. 

specific, table o^ 149. 
Gyration, radius of; 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, efficiency o^ 277. 

expansion by, 147, 148, 278, 280. 

expenditure o^ in an engine, 283, 
293. 

intensity of; or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities o^ 105. 

specific, 277, 278, 279. 

unit o^ 105. 
Heating surface, 296. 
Heaviness, 102, 147. 

tables of, 149. 
Height due to velocity, 248. 

table o^ 249. 
Hoop, stress o^ 176. 
Horse-power, 104. 

indicated, of steam engine, 289. 

nominal, 301. 
Horses, work o^ 251. 
Hydraulic press, strength of, 208. 

ram, 273. 
Hydraulics, 256. 
HydrocarbouB (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting o^ 302L 
Impulse, 2&. 
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Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment o^ 154. 

reduced, 249. 
Injection water (see Condensation). 

valve or sluice, 297. 
Injector, 297. 

Intensity of |)ressnre, 103, 115. 
Iron arched ribs (see Kibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength o% 195, 197, 199, 
201. 

chains (see Chains). 

fastenings, 208. 

malleabk and steely, strength of, 
191, 200, 201. 

pipes, strength of, 207, 268. 

resilience of 194. 

struts and pillars, 209. 

Jet-propeller, 275. 
Journals, strength o^ 226, 249. 
Jumping holes in ro(^ labour o£ 
253. 

Keys, strength o{, 208. 
Kilogramme, 97. 
Kilogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration o^ 129. 
Latent heat of evaporation, 283. 

heat of fusion, 302. 
Latitude of a place, to find, 122. 

length of a minute o^ 117, 118. 
Length, measures of, 92. 
Level, for angles, 130. 

reduction to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132, 303. 

by the boiling point of water, 133. 
Link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion o( 243. 

tractive force of, 244. 

weight 0^ 244. 

work of, 245. 
Logarithms, common, 1, 11. 

hyperbolic, 35, 38. 
Longitude, Jength of a mmute oi, 111 
118. 



Machines, 228. 

balancing of^ 241. 

driving force of^ 240. 

friction o^ 240. 

reduced inertia of, 249. 

varied motion of^ 245. 

work of (see Work). 
Magnitude, centre of^ 81. 
Man, work o^ 252 (see Labour). 
Masonry, labour of, 253, 254. 

stability o^ 179. 
Mass, centre of (see Centre 

gravity). 
Measures, British and French, ca 
parative table o^ 110, VI. 

multipliers for conversion oi, 1( 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of <japacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

of len^h, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, 103. 

solid, 96. 

superficial, 95. 
Mecnanism, 231. 
Melting points, 302. 
Men, work o^ 252. 
Meridian, to find the, 119. 

length of arcs o:^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of driving, 253. 
Moment, measures of^ 104. 

of inertia, 154. 

of sail, 275. 

of stability, 185. 

of weight, 153. 
Momentum, 245. 
Moneys, 300. • 
Mortar, strength of, 203. 
"illotioiia, comparison o^ 228. 



Kautical mile, 03. 
fominikl borae-power of engines, 301. 
Sotclies, flow 01 water thiougb, 2G1. 

DftlFlCB, flow thronali (see Water). 
DsciUation, centre of (see Centre). 
)versliot watcr-wheek, 2(jtJ, 270. 
work o^ 261. 

Saddles, 275, 
?anibola, area o^ 63. 

length 0^ 79. 
Parallel jbrceg, 162. 

motinn, 236. 
Tent {see Fuel). 
Pendnlum, revolving, 24G> 
Perciiasion, centre o^ ISS- 
'eriodical motion, 23S. 
19 for founJatiooa, 182, 
irew, ISa 

B, Htrength of, 209. 
J strength of, 208. 
Hnes, friction in, 258. 
flow in, 203. 
strength oi; 207, 2GS. 

rod. 'strength o^ 210, 250. 
>laDimBter or platometer, 80. 

loaits, labour of making, 255. 
uuu, scales for, 125. 
lates, buckled, strength o^ 227. 
^^^^weight of, 153. 

^atometer, SO. 
^^^olygonB, regular, 98, 
'orts, Bteam, 289, 298. 
■oBta, etroDgth of, 209. 



Pound, atandanl, avoirdupoia, 97. 

sterling, 100. 
Power, measuremeut ot, 104, 239. 

mnscnlar, 250. 

of a faU of water, 269. 

n engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength o^ 207. 
Pressure, centre of, ISO. 

intensity of, 103, 115. 

of earth, 170, 180, 183. 

of steam (see Steam). 

of the atmoEphere, 115, 132. 
, of water, 103, 179 (see Head). 
"* " e factors, 33. 




ons, paral 
■.Ta, 275. 
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power exerted by locomotiveB on, . 
245. 

resistance of vehicles on, 243. 

ruling gradients ol^ 244, 
Eain-iall, 267. 
Kam, hydranlic, 273. 
Ranging (see Setting-oat), 133. 
Re-action of moving body, 240. 

water-wheel, 273. 
Reciprocals of numberf^ 1, II, 31. 
Reduced inertia, 249. 
Reduction of rosiatancM !n machines 

to the driving point, 240. 
Refraction, aatrouomical, 122. 

correction of levels for, 131. 
Kepose, angle o^ 180, 182. 
Eeservoir, lime of emptying, 267. 
Resilience of lieam, 231. 

ofiron and steel, 194 

of silk, 20*. 
Kesistance of carriages on roada, 242. I 

of earth, 181, 18i ' 

of machines (see Friction). 

of materials (see Strength). 

of railway ti^ns and engines, 243. 

of ships, 274, 303. ' 

of water in pipes and chaonola, ] 
257, 259. ' 

Besolntiott of forces, 158, 159. 
Resultant of couples, 161. 

of distributed force, 158. 

of inclined forces, 158, 160. 

of parallel forces, 162. 

of stress, 168. 

of weight, 169. 
Retaining walls, stability of, 1S4. 
Retardation, 245. 

BevStemeuts (see Retaining walls). 
RhumbH, table ol^ 89. 
Ribs, arched, equilibrium of, 174, 178. i 

strength of, 225. 
Eight angle, to aet-oat, 127. 
River-bed, stabilily o^ 268 (lea 

Water-channels) . 
Rivets, strength of, 208, 



BoadB, reaiBtancB of veMolea on, 242. 


Spherical triangles, 55, 5S, Tj^l 


Koda, weight ot, 153. 


Springs, deflection of, 304 ^M 


Kock-Masting, labour 4 253. 


Squares of numhera, 1, 11. ■ 


boring. 253. 


Stability of masonry, 179. 


foandations, 181. 


ofve8Bels,275. 


heavineffl o^ 152. 


Stats, declinations oi; 121. 


qusrryiiig, 25a 


Station-lines of surveys, 119, I3S.. 


Steam, action oi, on piston, ^ff fl 


(See also Stone.) 


292. Ji 


Ropes, Btrength of, 20i 


back preunre rtl, 291. ^M 


Botation, 229. 


deiLsity o^ 28.1, 2S5, 289. ^1 


actual energy of, 247. 
ansolar vflouity of, 102. 
aS 0^229. 


efiiciency of, 293. ^^| 


of heat on, 293. 


Rupture, modulna o^ 198, 201, 202. 


of water on, 294 






SAFBTr, fectora ot 205. 


latent heat of, 283, 2S4 


TSlve, 297, VI. 


mean presaura oi; 290, 291 


S^8of8Hp8,275. 


outflow of, 303. 


Saudatone, atreogth o^ 107, 19S, 


passages, resistance of, S89. 


203. 


pressure of saturotioQ of, 2S3, 28 


Scales for plans, 125. 


room (aee Boiler). 


for seotiona, 126. 


tablea relating to actiao of, 26 


ScrowB in meohanism, 235. 


292, 


Screw iiilea, 183. 


total heat D^ 283. 284 


propeller, 275. 


valve, 298. 


Sections, method o^ ai>plied to frame- 


vohune ot 283, 285. 289. 


work, 169. 


Steel, resilience ot 194 


ecalea for, 12G. 


strength of, 191, 200. 


Setting-out curves, 133. 
fllopoB and brendths, 142. 


Stiffiiess of beama, 221, 


Stones, beavinera 0^ 152. 


works, 133. 


BtrcDgth of, 195, 197, lOt. 


Sextant angles, to reduce to the 
level, ISO. 


Stream (see Water). 


Strength of axles, 226. 


Shafts, atrength of, 226, 249. 


of beams, 212. 




of boilers and cylinders, 9( 


208. 


of balta, pins, keys, ani 


Ships (see Vessels). 


208, 


Simpson's Eules, U4. 


of maehiiiary, 249. 


Sines, 61. 


ofpUbra and Stmts, 200. 


SJate, strengtb o^ 195. 


of pipes, 207, 208. 


Slide valva gearing, 298, 
Sluices, dia^iarge from, 26.1. 


of ropes and cables, 204 


of shafts. 226.249. 


Solid, centre of magnitude of; 64. 


of spheres, 207. 


measures, 96. 


of suspension bridges. 17 




226. 




of teeth, 233. 


Specific graTity, 146. 


of tie-bars, 206, 


tables of, 149, 278, 279. 


of tabes and flues, 207, 211. 


heat, 277, 278, 279. 


of wheels. 250. 


Speed-cones, 236. 


rules for. 205. 


Speed, measures o^ 102. 


tables of, 191. 


SpbercB, aCrangth of, 21)7. 


Stress, measures ot, 103. 


rolame of, 73. 




weight of, 153. 
SpbeiTcal areas, 71. 


\ Slnta, tfiwQ^ ol, IKft . 


\ araiaee-wmiwiiet kjKB^lsnAsim!*; 
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Surface, heating (see Heating snr- 

face). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225. 

stiffening girder for, 226. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance to, 191, 195, 

206. 
Teeth of wheels, dimensions and 

figure of, 233. 
strength of, 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strength of, 206. 
Timber, labour of working, 254 

strength o^ 196, 198, 202. 
Time, measure of, 90. 
Thermodynamics, 277. .*' 

Thermometers (see Temperature). 
Towers, stability of, 184. / 

Towns, demand of water for, 268. 
Trains, railway, resistance ci, 243. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Kupture and 

Beams). 
Triangles, approximate solution of 

spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
Trigonometrical rules, 52. 
Trigonometry, use of, in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, strengtib o^ 207, 211. 
Turbines, eflaciency of, 269. 

dimensions and figure of, 272. 
Tunnels, arching of, 188. 

labour of excavation in, 253. 
Turning (see Kotation). 
Twisting, resistance to (see Axles). 

Undershot water-wheels, 269, 271. 
272. 

Valxts, measures o^ 100. 
Valve, safety, 297. 

slide, 298. 
Vaults, stability of (see Arch). 



Velocities, virtual, principle of, 240. 
Velocitv, measures of, 102. 

angular, measures of^ 102. 
Vessels, propulsion of, 274. 

resistance of, 274, 303. 

sails of, 275. 

stability o^ 275.' 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184. 
Water-channels, discharge of, 264. 

resistance of, 257. 

stability of, 268. 
Water, contraction of streams of^ 
259. 

demand for, in towns, 268. 

discharge of| from orifices, notches, 
and sluices, 263. 

expansion of, by heat, 147. 
i- flow of, 256. 

gauging, 260. 

head of, 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure of, 179. 

ram, 273. 

suppljr of, by rain -fall, 267. 
Water-pipes, discharge through, 263. 

resistance in, 258. 

strength of, 268. 
Water-wheels, dimensions and figure 
of, 270. 

efficiency o^ 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open aurrent, 

272. 
Wave-lines, area o^ 70. 
Weight, measures of, 97. 

tables o^ 149. 
Weirs, 261, 265. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength of, 250. 

teeth of, 233. 
Wind, action o^ on towers and chi' 
neys, 184. 
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"Wind, presstiTe ofj 276. 
WindnuUs, 27a 
Wood (see Fnd: also Timber). 
Work, against varying renstaneef 
242. 

calculation of, 2.38. 

during retardation, 245. 



Work, measures o( 102. 
of acceleration, 245. 
represented by an area, 242L 
useful and wasteful, 239. 

Works, setting out, 133. 

Yabd, standard, 92. 
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Selected and compiled by John Timbs. Fcap. 3vo. Cloth neat, i/- 
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Scientific Works. 



WORKS BY WILLIAM AITKEN, 

M.D., Edin., F.R.S., 
Profesjor of Pathology m IhE Army Mediul School, Connpondini; Member Qf 
ImpcrUI Society o( Physicians of Vfcnni, oFlhe Society of Mtdicinc ud Nilut 
of DrEidcn, and of Ihe Imperial Society of Medicine of Constantinople. 

AITKEN {Wm., M.D., F.R.S.) : The SCIENCE 

and PRACTICE of MEDICINE, In 2 vola., demy 8vo. Cloth, wiA 
a SLeel Plate, Map, and nearly 200 Woodculi. Price 38/- Suih 
Edition. 

Piess Opinions Relative to the Sixth Edition. 

■' The wort is an idmirable one, aod adapted to the requirement a nf the Stndeat, 

Professor, and Practitioner of Medicine Maiignanl Cholera is very fully i& 

cuased, and the leader willlind a large amount of infbrmatioo not to bemet with in QlhB 

admii^feFe'at"corthevD!unies'!!!!!:!welnm'0?'nDwaAithat"D^»i<?s^MA 
or such full and varied, information on all aubjecU connected vith the Science b3 



"The Standard Text-Boolt in the EngUah language There 

work more indispensable for the Practitioner and Student."— £riii<. HI 

"We can say, with perfect confidence, chat no medical man in 1 
■itbont the Si^th Edition of Di. Aitfcen-a ' Science and Practice of 1 



AITKEN (William, M.D., F.R.S.) : OUTLINES 

OF THE SCIENCE AND PRACTICE OF MEDICINE. A Text- 
Book for Students. Crown Svo. Cloth, 12/6. 

AITKEN(William,M.D., F.R.S.): The GROWTH 

OF THE RECRUIT, and the Young Soldier, with a view to ' 
Selection of " Growing Lade " and their Training. i2mo. Cloth, 



AITKEN (William, M.D., F.R.S.): OUTLINE 

FIGURES OF THE TRUNK OF THE HUMAN BODY. On 
which to indicate the areas of physical signs in the Clinical Diagnosil 
of Diaeaae. For the use of Students and Practitioners of Medicine. 1/6. 



■ SCIENTIFIC PUBLICATIONS. 

^.NSTED (Prof., M.A., F.R.S.) : GEOLOGY : ' 

A TREATISE ON. [Circleof theScIences). Crown Svo. Cloth, 2/6 

A.NSTED (Prof., M.A., F.R.S.) : NATURAL ' 

HISTORY OF THE INANIMATE CREATION, recorded in the 
Structure of the Earth, the Plants of the Field, and the Atmospheric 
Phenomena. With numerous Illustrations. Large post Bvo. Cloth, 8/6. I 

;AIRD (W.. M.D., F.L.S., late of the British ! 

Museum) : STUDENT'S NATURAL HISTORY: being a Dictionary 
of the Natural Sciences [Botany and Zoology). With a Zoological 
Chart, showing the Distribution and Range of Animal Life, and over 
two hundred and fifty Illustratione. Demy Svo. Cloth gilt, red edges, 
10/6. 



■LYTH (Alexander Wynter,M.R.C.S.,L.S.A.,&c., 

Medical OfScer of Health, and Analyst to the County of Devon) : A 
DICTIONARY OF HYGIENE AND PUBLIC HEALTH. Compris- 
ing Sanitary Chemistry, Engineering, and Legislation, the Dietetic 
-nJue of Foods, and the Detection of Adulterations. On the plan of the 
" Dictionnaire d'Hygiene Publique " of Prof. Ambroise Takdieu, 
In one vol., demy Svo. Cloth. (In preparation). 

IRCLE OF THE SCIENCES (The). A Series 

of Popular Treatises on the Natural and Physical Sciences, and their 
Applications, by ProfeBsorB Owen, Ansted, Yqunq and TeNNanT ; 
DiB. Latuau, EnwARO Smith, Scqffern, Bushnah andBKONNER; 
Messrs. MiTCHEt,t,,TwiSDEN, Dallas, Gobe.Imrav, Martin, Sparling 
and others. Complete in nine volumes. Crown Svo. Cloth lettered. 
Illustrated with many thousand Engravings on Wood. 5/- each. 

Vol. I.— organic NATURE.— Part I. AnimaJ and Vegetable 
Physiology; the Skeleton and the Teeth; Varieties of the 
Human Race, by Professor Owen, Dr. Latham and Dr, 

BUSHNAN. 

Vole. 2 and j.—ORGANIC NATURE.— Parts II. and III. Struc- 
tural and Systematic Botany, and Natural History of the Animal , 
Kingdom, by Dr. Edward Smith and William S. Dallas, , 

Vol. 4.— INORGANIC NATURE,— Geology and Physical Geo- 
graphy; Crystallography; Mineralogy; Meteorology, and , 
Atmospheric Phenomena, by Professor Ansted, Rev. W. 
Mitchell, M.A., Professor Tennant, and Dr. Scoffern. 

Vol. 5,— PRACTICAL ASTRONOMY, NAVIGATION, AND J 
NAUTICAL ASTRONOMY, by Hugh Breem, Greenwich | 
Observatory, Professor Yoi'NC and E. J. Lo-wi, S ,'?^.t.a. 
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:lb of the Sciences — (conlinued). 

Vql. 6.— ELEMENTARY CHEMISTRY,— The Impom 
Agents and Inorganic Bodies, by John Scoffebn, M.D, 

Vol. 7.— PRACTICAL CHEMISTRY.— Monographs on EleWn- 
Metallurgy; the Photographic Art; Chemistry of Food isi 
its Adulterations; Artificial Light; byGEORCE Gore, Birminj 
ham, John Scoffersi, M.D., Dr. Edward Bronner, Brad/ori, 
Marcus Sparling, and John Martin. 

Vol. 8.— MATHEMATICAL SCIENCE.— Philosophy of Aiilll. 
metic; Algebra and its Solutions; Plane Geometry; Logal. 
ithniB: Plane and Spherical Trigonometry; Mensuration and 
Practical Geomeliy, with use of Instruments, by Prof. YoDJC, 
Rev. J. F. TwisDEN, USJi., Sandhurst College, and Ai.exandii 

Vol. 9.— MECHANICAL PHILOSOPHY.— The Properties d 
Matter, Elementary Statics ; Dynamics ; Hydrostatics : Hy- 
drodynamics ; Pneumatics; Practical Mechanics; and ik 
Steam Engine, by the Rev. Walter Mitchei,l, M.A., J, R. 
YouNo and John Imrav. 

CIRCLE OF THE SCIENCES, in Separate 

Treatises. Cloth. j. d. 

1. Ansted's Geology and Pliysica! Geography . 

2. Bheem's Practical Astronomy .... 

3. BHONNERand ScDFFEBN'sChcmistryof Food and Diet 

4. Busknan's PhyaioIoEy of Animal and Vegetable Life 
J. Gore's Theory and Practice of Electro-Deposition 

6. Imrav's Practical Mechanics 

7. iMEAv'a Treatise on the Steam Engine . 

8. Jardine's Practical Geometry .... 

9. Latham's Varieties of the Human Species 
10. Martin's Photographic Art; Its Theory and Practice 
ji. Mitchell & Tennant's Cryslallography & Mineralogj- 

12. Mitchell's Properties of Matter and Elementary Statics 

13. Owen's Principal Forms of the Skeleton and the Teeth. 
H. Primary Atlas of Modern and Ancient Geography 

15. Primary Atlas of Geography, cdI 36 

16. Scoffern's Chemistry of Light, Heat and Electricity 

17. Scoffern's Chemistry of the Inorganic Bodies 

18. Scoffern's Chemistry of Artificial Light 
ig. ScoFFERN and Lowe's Practical Meteorology 

20. Smith's Introduction to Botany : Structural fiSyatemati 

21. Twisden's Plane and Spherical 'Trigonometry 

P 32. TwiSBEN on Logarithms 

I 23. Young's Elements of Algebra. 

I 24. Younq's Solutions of Questions in Algebra 

L 25. YoUNo's Navigation and Nautical Astronomy 

E 26. Young's Plane Geometry .... 

K 27. Young's Simple Arithmetic .... 



SCTENTIFIC PUBLIC AT ION§: 



iALLAS(VV.S.,F.L.S.): POPULAR HISTORY 

OF THE ANIMAL CREATION: being a Systematic and Popular De- 1 
Ecription of the Habits, Structure and Classification ofAnimata. With | 
many hundred Illustrations and coloured Frontispiece. Crown i 
Cloth, 8/6. New Edition. 

IICK'S (Dr.) POPULAR ASTRONOMICAL 

WORKS, &c. (See page 4). 

lOUGLAS {John Christie, M. Soc. Tel. Engineers. 

East India Government Telegraph Department, &c.) : A MANUAL OF 
TELEGRAPH CONSTRUCTION. FortheuBeofTelegraphEngineera 
and others. With Diagrams. Crown 8vo. Cloth. {lit preparahan). 

rRIFFIN (John Joseph, F.C.S.) : CHEMICAL 

RECREATIONS: A Popular Manual of Experimental Chemistry, 
With 540 Engravings of Apparatus. Crown 4I0. Cloth. Tenth Edition. 
Part I. Elementary Chemistry, price 2/- 

Partll. TheChemistryof the Nan-Metallic Elements, including a 
ComprehenBive Course of Class Experiments, price I0/6. ' 

Or, complete in one volume, cloth, gilt top, J2/6. 

,EARED (Arthur, M.D., F.R.C.P., Senior Phy- 
sician to the Great Northern Hospital) : ON IMPERFECT DICES- ' 
TION; ItsCausesand Treatment. Post Svo. Cloth, 4/6. Fi/lhEditl 



Idition to our Medical LWauarc'-— Dublin Quantity Jaurital oj Midicat Sciinci. 

MECHANIC'S GUIDE (The): A Practical 

Handbook for Working Engineers and others. By William Vincent 
Shelton, M. Soc. Amal. Engineers, &c. With Illustrations. Crown 
Svo. (/« preparation). 

MOFFITT (Staff-Assistant-Surgeon A., of the 

Royal Victoria Hospital, Netley): A MANUAL OF INSTRUCTION 
FOR ATTENDANTS ON THE SICK AND WOUNDED IN 
WAR. Published under the sanction of the National Society far Aid 
to the Sick and Wounded In War. With numerous Illustrations. Poet 
Svo. Cloth, 5/- 
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L NAPIER (James, F.C.S.) : A MANUAL OF 

■ THE ART OF DYEING, Theoretical and Practical. With an Appendix 

" ling Dyeing Receipts. Illustrated. Crown Svo. cloth, <A Utm 
t. Sit Thi rd, in Preparation^. 
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NAPIER (James, F.C.S.) : A MANUAL OF 

ELECTRO-METALLURGY. Containing the newest Processes of 
Depositing Silver, Gold, Copper and other MetalE. With nmneroiti 
Illustrations. Crown Bvo., cloth. (A Niui Edition, the Fifth, M 
Preparation). 

NICHOL (J. P., LL.D., late Professor of Astron- 
omy in the University of Glasgow). A CYCLOPEDIA OF THE 
PHYSICAL SCIENCES; comprising Acoustics, Astronomy, Dyna- 
mics, Electricity, Heat, Hydrodynamics, Magnetism, Philosophy of 
Mathematics, Meteorology, Optics, Pneumatics, Statics, etc., etc. Witii 
Maps, Engravings and numerouB IllnBtratioiia. Demy 8vo. Half- 
bound, Roxburghe style, gilt top. 31/- Third Edition. 

"Well printed and illDstriled, and most My eiitei.~^ExamiHtr. 



PHILLIPS (J. Arthur,M.Inst.C.E.,F.C.S.,F.G.S.): 

ELEMENTS OF METALLURGY: A Practical Treatise oa 
the Art of Extracting Metala &om their Ores. Koyal 8vo, 761 
pages. With over two hundred Illustrations, many of which have been 
reduced from Working Drawings. Cfoth, 34/- 

Genekai. Contents ;^I. A Treatise on Fuels and Refhactobv 
Materials. — 11. A Description of the principal Metallifev- 
Dua Minerals, with their Distribution. — III. Statistics ttf the 
amount of each Metal annually produced throughout the World, 
obtained from official sources, or, where this has not been 
practicable, from authentic private information. — -IV. The 
Methods of Assaying the different Ores, together with the 
Processes of Metallurgical Treatment. 

"In this mml useful and hsddsome volume Mr. Phillips has condensed &taf> 

amount of valuable praclicallmowtedBe Wehavcnoi only the results of seienrifc 

inquiry, but the ciLperiencefi of a thoroughly practical man, very dearly (ivea.'^- 

value ot the book it afmosl inatlmTble'"— Mw^f Jimrnnf, 

" The Slatidlics and Analyaeu hers given rtpreBenl both labour and lime, wliicli tt >■ 
diBcDil to eiliniate The woth will be i!seer1y lOUEht far byitudents in Scltace 



RAGG (Rev. Thomas.): CREATION'S TESTI- 
MONY TO ITS GOD: The Accordance of Science and Religion. 
(Seepage 3). 



SCIENTIFIC PUBLICATIONS. - 

SCIENTIFIC WORKS by 
ir.J. MACQUORN RANKINE,C.E.,LL.D.,F.R.SS., 

&c., 

,—RANTlNE°(Prol)rAPPLIED MECHANICS 

(A Manual of); comprising the Principles of Statics and Cinematics, 
and Theory of StnictureB, Mechanism and Machines. With numerous 
Diagrams. Revised by E. F. Bambek, C.E. Crown Svo. Cloth, 12/6. 
SevenllhEdition. 

"Cannat (sii to be adopted as a lext-bdok Theukole cf Ihe mfDimatioo is 

(D admirably arranged thai Ihcre is tveryfsciUty for reference."— AfiKinff Jon rna J. 

— RANKINE (Prof.): CIVIL ENGINEERING 

(A Manual of) ; comprising Engineering Surveys, Earthwork, Founda- 
tions, Masonry, Carpentry, Metal -work. Roads, Railways, Canals, 
Rivera, Water-works, Harbours, &c. With numerous Tables and Ulua- 
trations. Revised by E. F. Bambeb, C.E. Crown Bvo. Cloth, 16/- 
Tttilh Edition. 



The ' Manual of Civil Enfiiieerini' might, withoul any impropriEty, be termed an 
"—Mtchan<cs-\lag^!i«t°" "" ' a isi m r an 

I.— RANKINE (Prof.): MACHINERY AND 

MILL WORK (A Manual of); comprising the Geometry, Motions, 
Work, Strength, Construction, and Objects of Machines, &c. lUue- 
trated with nearly 300 Woodcuts. Revised by E. F. Bambek, C.E. 
r Crown Bvo. Cloth, 11/6. Second Edition. 

"Professor Ranldnc's 'Manual of Machinery and Millwork' fully maintain 11 the 

swaril"o any' book, 'll cannor^U lo be'a'lanieni^to the feet o"ev"ry'engineer.'"rA< 

■v.— RANKINE (Prof.): The STEAM ENGINE 

and OTHER PRIME MOVERS (A Manual of). With Diagram 
of the Mechanical Properties of Steam, numerous Tables and 
Illustrations. Revised by E. F. Bambeb, C.E. Crown Bvo, Cloth, 
12/6. Siiienik Edition. 

—RANKINE (Prof.): USEFUL RULES and 

TABLES. For Architects, Builders, Carpenters, Coachbuilders, En- 
gravers, Engineers, Founders, Mechanics, Shipbuilders, Surveyors, 
Wheelwrights, &c. Crown Bvo. Cloth, g/- Poarth Edition. 

" Undoubtedly the mut useful collection of engineering data hilberto produced."— 

I.— RANKINE (Prof.): A MECHANICAL 

TEXT-BOOK. Being a Practical and Simple Introduction to the Study 
of Mechanics. By Professor Macquorn RANKiHEand E. F. B amber, C.E, 
With numerouB Illustrations. Crown 8vo. Cloth, g/- Sicond Edilion . 
ing a useful and rcli^le oiill'ine of the subjccti treated ot.'°— ^fining JoBnial. 
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TIMBS (John, F.S.A., Editor of the " Year-Booi 

of Science"): POPULAR SCIENCE. Recent Researches on ih 
Sun, Moon, Stars, and Meteors; The Earth; Phenomena of Lift; 
Sight and Sound ; InveniionB and Discoveries. Familiarlv llluslrsici 
Wtillen and Compiled by John Times. Crown Svo. Cloth, i/- 

- A very uscfu] lilllc minai]."—Shifie!d DuUy Telegraph. 

"W[ll be found abundint in mucb aul-DC-thc-vir inFiiimitian on slmg 



THOMSON (Robert Dundas, M.D., F.R.S.); 

A POPULAR DICTIONARY OF CHEMISTRY. Practical and The* 
letical. With its applications to Mineralogy, PhyBiology, and the Am 
With numerous Illustrations. Post Svo. Cloth, 8/6. 

paidiu of ChlMniBt^"lo°^l'who fed an interest in tht^mot!'—Atltn^m. ' 
"In every reapccl worthy of prsitc. It ii, within alimiled ipace.by far Ihetal 



THOMSON (Spencer, M.D.,L.R.C.P., Edinburgh): 

A DICTIONARY of DOMESTIC MEDICINE and HOUSEHOLD 
SURGERY. Thoroughly revised and brought down to the present 
of Medical Science. With an additional chapter on the Manage: 
of the Sick Room ; and Hints for the Diet and Comfort of Invalids. 
Many Illustrations. Demy Gvo., 750 rages. Cloth, 8/6. Taitit 
Edition. 

"The best and safest, book on Dameslic Medidne and Household Surgery 1 
bfls yet appeared."— i-omJon jDumal c/Mriticinr. 

useful professi'onal knowk^e."— fluAlui 3<ni°nJoj Midical Scula. "" *"""' 
" Wonh its weight in gold to families BJid the i;l«gy."—Oj/ordH(i-aW. 



WYLDE Qames, Editor of the "Circle of the 

Sciences"): THE MAGIC OF SCIENCE; a Manual of Easy and 
Insltuctive Scientific Experiments. With Steel Portrait of Faraday, 
and many hundred Engravings. Crown Svo. Cloth gilt, and gilt 
edges, 3/- Third Edition. 



1 be allured into the paths of nalnrat seience 
. eau be produced by well-contrived eiperlme 
mend a more uaefuf volume."-^ lA«j.rwm. 



EDUCATIONAL PUBUCATtOh'S. 



Educational Works. 



MTKEN'S (Professor) MEDICAL WORKS. 

(See page 8). 

iANSTED'S (Professor) GEOLOGICAL] 

WORKS. {See page g). 

■BAIRD (William, M.D.,F.L.S.): CYCLOPEDIA J 

OF THE NATURAL SCIENCES, Sl<:dcnfi Natural Hittory.M 
(See page g). 

iBRYCE (Archibald Hamilton, D.C.L.,LL.D., SeH 

niar Classical Moderator in the University of Dublin) : THE WORKS \ 
OFVIRGIL. Text from HTeyne and Wagneb. English Notes, original I 
and selected, from the leading German, A mei' ' " ■• ■ '- 

mentston. Illustrations from Che antique. Ii 
Cloth, 3/6 each. 

Part I. Bucolics and Georgics. 

Part II. The /Eneid, Books I.— VI. 

Pari in. The «neid, Books VII.— XII. 
Or, complete in one volume. Cloth, 6/- 
"Contains Ihc pilh of whil has b«n written bfthc 

"The mast complclt.M well flaelegaiil and correct, f 
in this counlTj."— JSdiicBlisBol Timis. 

" The best commentary on Virgil which a iluilcnl ca 

ICIRCLE OF THE SCIENCES (The). A I 

SERIES OF PRACTICAL TREATISES, by Professors Owen, Ansted, J 
YoDNo, TwisDEN and Tennant ; Drs. Edwarq Smith, Scoffehn, 
Bbonn BR and Latham ; Messrs. W. S. Dallas, Gore, Martin, BHEEli, 
Lowe, Imrav, Jardine and Mitchell, Crown Svo, Nine vols., each 1 
5/- (See page 9). 

ICOBBETT (William) : ENGLISH GRAMMAR: 

in a Series of Letters, intended for the use of Schools and Young Per- 
sons in general. With an additional Chapter on Pronunciation, by tha \ 
■ Author's Son, James Paul Cobbett. Fcap. 8vo. Cloth, i/6, (,Tlu 
only correct and authorised Edilion). 

■■ A new and cheapened edition of that moil eicelleni of all EnEliih Gritnmin, 
wniiain Cobfaett'a. ^1 contiina new copyright matter, an well a> includea the ,e<|iiallr 
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COBBETT (William) : FRENCH GRAMMAR. 

Fcap. Bvo. Cloth, 3/6. Fourleeatk Edition. 

■" Cohbelt'E French Grammar' comes OLt «ilh pcrenni^ Crohneaa. There ue 

bcEl aids It is Ifltgciy ua=a on lh= Contintnu"— «ii(JaBd CoBH(I« if" ^ 

COBBETT (Miss S.) : FRENCH VERBS AND 

EXERCISES, Fcap. Svd. Cloth, 1/6. 

COBBETT (James Paul): A LATIN GRAM- 
MAR. Fcap, 8vo. Cloth, 2/- 

COBBETT'S (William) POLITICAL WORKS, 

&c. (See page 26). 



COBBIN (Rev. Ingram) : MANGNALL'S His- 
torical AND MISCELLANEOUS QUESTIONS, for the Use rf 
Young People. By Rjchmal Manqnall, Greatly enlarged and cor- 
rected, and continued to the present time. By Ingrau Cobbih, MJk 
lamo. Cloth 4/- Forty-iighlh Thousand. Neui Illustrated Edition. 

COLERIDGE (Samuel Taylor) : A DISSERTA- 
TION ON THE SCIENCE OF METHOD. {Encyclopadia Mttn- 
palitima.) With a Synopsis. Crown 6vo. Cloth, 2/- Ninth Editim. 

CRAIK (George Lillie, LL.D., late Professor of 

History and English Literature, Queen's ColleRe. Belfast) : A COM- 
PENDIOUS HISTORY OF ENGLISH LITERATURE, AND OF 
THE ENGLISH LANGUAGE from the Norman Conquest. With 
numerous specimens. In two vols. Royal 8vo. Handsomely bound 
in cloth, 25/- ; full calf, gilt edges, 37/6 New Edition. 

" ProfeBBDT Ciaik's book eoing, bs i t dDeB,lhrough the nrhok binary ef the liiiEiiieb 
probably lates a place guile by ilself. The greal vilue of the book ia its [bonncl 
comprehenaivencsB. It Ii always cieiir and atrugbtforwatd, and desli not in (beem 

■' Prafeisor Crail haa aucceeded in making a book more than nanally .giM,ble.-- 

CRAIK (Prof.) : A MANUAL OF ENGLISH 

LITERATURE, for the Use of Colleges, Schools and Civil Senin 
Examinations. Selected from the larger work, by Dr. Chaik. CronV 
Svo. Cloth, 7/6. Fi/lk Edition. 




CURRIE (Joseph, formerly Head Classical Master 

of Glasgow Academyl : THE WORKS OF HORACE. Text from 
OrelliuB. English Notes, oiiginal, ^nd Gelecled from the best commen- 
tators. Illustrations from the antique. In two parts. Fcap. 8vo. 
Clolh, 3/- each. 

Part I. Carmina. 

Part II. Satiiea. 
Or, complete in one volume. Cloth, 5/- 

CURRIE Qoseph) : EXTRACTS FROM 

CiESAR'S COMMENTARIES; containing his description of Gaul, 
Britain and Germany. With Notes, Vocabulary, &c. Adapted for 
Young Scholars. iSmo. Cloth, 1/6. Fourth Edition. 

DALLAS (W. S.): POPULAR HISTORY OF 

THE ANIMAL CREATION. (See page ii). 

D'ORSEY (Rev. A. J., B.D., M.C.P., Lecturer at 

Corpus Christi College, Cambridge] : SPELLING BY DICTATION : 
Progressive Exercises in English Orthography, for Schools and Civil 
Service Examinations. iSmo. Cloth, 1/- Fourteenth Thousand. 
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EADIE'S (Rev. Prof.) RELIGIOUS WORKS. 

(Seepages). 

GRIFFIN'S (John Joseph, F.C.S.) CHEMICAL 

RECREATIONS. (Seepage 11), 

McBURNEY (Isaiah, LL.D.) : EXTRACTS 

FROM OVID'S METAMORPHOSES. With Notes, Vocabulary, &c. 
Adapted for Young Scholars. iSmo. Cloth, t/6. Third Edition. 

MENTAL SCIENCE : SAMUEL TAYLOR 

COLERIDGE'S CELEBRATED ESSAY ON METHOD; Arch- 
bishop Whatelv's Treatises on Logic and Rhetoric. Crown 8vo. 
Cloth, s/- Tenth Edition. 

MORRISON (Charles) : BOOK-KEEPING, A 

COMPLETE SYSTEM OF PRACTICAL, Exemplified in Five Sets 
of Books, arranged by Single Entry, Double Entry in present practice, 
and a new method of Double Entry hy Single. With an Appendix con- 
taining a variety of Illustrations and Exercises, and a Series of Engraved 
Forms of Accounts. By C. Morrison, Accountant. With valuable 
additions and improvements. Post 8vo. Half-bound, 8/- Tenth 
Edition. 

NICHOL'S (Professor, LL.D.) CYCLOPEDIA. 

— THE PHYSICAL SCIENCES. \.^,^»S "" 



i8 CHARLES GRIFFIN & COMPANY'S ' 

PALEVS (Archdeacon) NATURAL THEO- 

LOGV. With Notes, by Lord Brouoham and Sic Charles Bsiah 
(See page 7). ^ 



WORKS BY WILLIAM RAMSAY, M.A., 
RAMSAY (Prof.) : A MANUAL OF ROMAN 

ANTIQUITIES. With Map, numerous Engtavinga and very copious 
Index. Revised and enlarged, with an additional Chapter on Roman 
Agriculture. Crown 8vo. Cloth, 8/6. Ninlh Edition. 

<'ConiprliFi sll the results of modem imptdved scholarship within a modeTale 

RAMSAY (Prof.) : AN ELEMENTARY 



RAMSAY (Prof.) : A MANUAL OF LATIN 

PROSODY. Revised and greaUy enlarged. Crovvn Hvo. Cloth, s/- 
Fiflh Edition. 

RAMSAY (Prof.) : AN ELEMENTARY 

MANUAL OF LATIN PROSODY. Adapted for Junior Classes. 
Crown Svo. Cloth, 2/- 



RANKINE'S(Prof.): WORKS ON ENGINEER- 
ING AND MECHANICS. (Seepage 13). 

SCHOOL BOARD READERS (The). A New 

Series of Standard Reading Books for Elementary Schools. Edited by 
a former H.M. Inspector of Schools. Recommended by the London 
School Board, and adopted by many School Boards throughout the 
countiy. 

Elementary Readinc Book, Fart I. — Containing Lessons i. d. 
in all the Short Vowel Sounds. Demy iBmo., 16 pages. 

In stiff wrapper 01 

Elementary REAniNc Book, Part 11.— Containing the 
Long Vowel Sounds and other Monosyllables. Demy 

i8mo, 48 pages. In stiff wrapper ox 

Standard I.— Containing Reading, Dictntion, and Arith- 
metic. Demy i8mo, g6 pages. Neat cloth . . .04 
Standard H.— Containing Reading, Dicution and Arith- 
metic. Demy iSmo, iiS pa^w. l;l.ta.\t\m^ , .06 
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School Board Readers — (ironfiriHfff). 

Standard III.— Containing Readiog, Dictation and Arith- i 
metic. Fcap. 8vo, i6o pages. Neat doth . . . < 

Standard IV. — Containing Reading, Dictaticn and Aritti- 
metic. Fcap. 8vo, igi pages. Neat cloth . 

Standard V. — Containing Beading, Dictation and Arith- 
metic, with an Explanation of the Metric System and 
numerous Examplea. Crown 8vo, 256 pages. Neat 
cloth 

Standard VJ.— Containing Selections from the best English 
Authors, Mints on Composition and Lessons on Scien- 
tific Subjects. Crown tivo, 320 pages. Neat cloth 

Key to the Questions in Ahitkhetic, in two parts, each ■ 
"The Ecncril conceiition ia Boacd.Bsd [he execution praiEEWiirtiiy. Thi!ce)fi 



.The VDune learner is led gradualiy and donncllT up 
■ ^ Knellih Admirably 8rcanEcd.'^-S™ii«oii. 



*,* Each booh of this Series contiuns aitliin itself all that is necessary 
to fulfil the requirements of the Revised Code, viz. : Reading, Spilling 
and Dictation Lessons, together with Exercises in Arithmetic, for the 
whole year. The paper, type and binding are all that can be desired. 

SCHOOL BOARD MANUALS (The). On the 

Specific Subjects of the Revised Code. By a former H.M. Inspector of 
Schools. Editor of the " School Board Readers." Recommended by 
the London School Board, and used in many Schools throughout the 
country. Price 5d. each in stiif wrapper ; cloth neat, 7d. 

1. ALGEBRA.— In this book, which is adapted to Standards IV., 
V. 2nd VL, everything is explained [in accordance with the 
Pestalozzian system) upon first principles, and the examples 
are, as far as possible, taken from concrete numbers. Abun- 
dance of examples are given, graduated by easy stages. 
IL ENGLISH HISTORy.— This book ia exactly suited to the 
requirements of the Code for Standards IV., V. and VI., the 
chief events of importance being given in detail, and the general 
landmarks of history in brief. Copious Tables are added. 
IIL GEOGRAPHY— Contains all that is neceF.sa.rj ftn -jii.'i.'m^'.-R 
Standards IV., V. and VI. 



^ CHARLES GRIFFIN S- COMPANY'S 

School Board Manuals — {eoniiniud}, 

IV, PHYSICAL GEOGRAPHY.— Contents : Figure o 
Systems— Ocean Curn 



ftheEarti^l 



nomena— Trade Winds- 
Races of Men, &c. 
V. ANIMAL PHYSIOLOGY.— Contents: Classification of Ani- 
mats — the Human Skeleton — Bones, MuscleE, Skin, Hair and 
Nails — Digestion, Circulation, Respiration, Secretion and Nu- 
trition—the Nervous System — the Senses. Illustrated by good 
Engravings. 
VI. BIBLE HISTORY.— Contents: Names, Divisions, and His- 
tory of the Bible— Analysis of the Old and New Testaments — 
Geography of Palestine- — Tables of Measures, &c. 

It is hoped thai this book tbUI prove scrvieeabU in tht study 
of the Scriptures. All controversial points have been carefully 
avoided. 
"These simple and well-gradusted Manuals, adapted ig the requirements of the 

i^y are"™™ usSul^ a^mclkai V^'l'"'™!". 'han most qTihe^more «perai« 
nVi."— Standard. 



■s at half.pri\ 

SENIOR (Nassau William, M.A., late Professor 

of Political Economy in the University of Oxford): A TREATISE 
ON POLITICAL ECONOMY; the Science which treats of the 
Nature, the Production, and the Distribution of Wealth. Crown Svo. 
Cloth, 4/- Fifth Edition. 

THOMSON Games) : THE SEASONS. With 

■ an and Notes by Robert Bell, Editor of the " Annotated 
ish Poets." Foolscap 8vo. Cloth, 1/6. School Edition. 



WHATELY (Archbishop) : A TREATISE O' 

LOGIC. With Synopsis and Index, Crown Svo. Cloth, 3/- "" 
Original Edition. 

WHATELY (Archbishop) : A TREATISE O: 

RHETORIC. With Synopsis and Index. Crown Bvo. Cloth, 3/6. 
The Original Edition. 

WYLDE (James, Editor of "The Circle of the 

Sciences"): A MANUAL OF MATHEMATICS, Pure and Appli ' 
Including Arithmetic, Algebra, Geometry, Trigonomelry (Plr 
Spherical), Logarithms, Mensuration, &c. Super-royal Svo. 
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BELL (Robert, Editor of the "Annotated Series of 

British Poets.") : GOLDEN LEAVES FROM THE WORKS OF 
THE POETS AND PAINTERS. Illustrated by Sixty-four superb 
Engravings on Steel, after Paintings by David Roberts, Stanfirld, 
Leslie, Stothahd, Haydon, Howard, Levaint, Cattehmole, 
Nasmvth, Sir Thomas Lawrence, and many others, and engraved in 
the first style of Art by Finden, Greatbach, LightfooT, &c. 410. 
Cloth gilt, 21/- ; unique walnut binding, 30/- ; morocco antique, 35/- 
Sicond Edition. 

tions ait really wdiLb □( srt, and tbc volume does credit to the aitG of Enelanil."— 
Saturday ftimtw. 

'|The Posms are Eelemd wilh lasts and judgmenl."— rimrs. 



D'AUBIGNE (Dr. Merle) : HISTORY OF THE 

REFORMATION. With the Author's latest additions and a new 
Preface. Many Woodcuts, and Twelve Engravings on Steel, illustrative 
of the Life of Martin Luther, after I-abouchere. In one large 
volume, demy 4to. Elegantly bound in cloth, mj- 

Century are broughl vividly before the eye of the icadet, by the skill of Ihe artist and 

EARTH DELINEATED WITH PEN AND 

PENCIL (The) : an Illustrated Record of Voyages, Travels, and Ad- 
ventures all round the World. Illustrated with more than Two Hun- 
dred Engravings in the first style of Art, by the moat eminent Artists, 
including several from the master pencil of Gustave Dore. Demy 
4to., 750 pages. Very handsomely bound, 21/- 



EMERALD SERIES (THE) OF STANDARD 
AUTHORS. 
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Illustrated by Engravings on Steel, aft 

BERTS, Stanfield, Sir Thomas Lawrence, Cattehmole, &c. Fcap, 
Bvo. Cloth gilt. 
Particular altention is requested to this very beautiful series. The dcliccy of Ibe en- 
graviags, the iicellence of Ibe typography, and the quaint antique beed and tiil-iHeces, 

BURNS' (Robert) SONGS AND BALLADS. 

With an Introduction on the Character and Genius of Bums. By 
Thomas Carlvle. Carefully printed in antique type, and illustrated 
with Portrait and beautiful Engravings on Steel. Clotk,^i.ttA:«i5.,-i\--, 
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r* CHARLES GRIFFIN S- COMPANY'S 
Emerald Series — (coniiniicd). 

BYRON (Lord) : CHILDE HAROLD'S 

GRIMAGE. Wilh Memoir by Profesaar SpaldinO. Illustrated with 
Portrait and EnEravingE on Steel byGREATBACH, Miller, Lichtfoot. 
fie, from Paintinoa by Cattefmole, Sir T. Lawrence, H. Howard, 
and Stothahd. Beautifully printed on toned paper. Cloth, gilt edges, 
3/-; malachite, 10/6. 

CAMPBELL (Thomas) : THE PLEASURES 

OF HOPE. With Introductory Memoir by the Rev. Charlee KocERS. 
LL.D., and several Poema never before published. Illustrated with 
Portrait and Steel Engravings. Cloth, gilt edges, 3/- ; malachite, 10/6. 

CHATTERTON'S (Thos.) POETICAL WORKS. 

With an Original Memoir by Frederick Martin, and Portrait. Beau- 
tifully illustrated on Steel, and elegantly printed. Cloth, gilt edges, 
3/-; malachite, !o/6. 

GOLDSMITH'S (Oliverj POETICAL WORKS. 

With Memoir by Professor Spaldino. Exquisitely illustrated with 
Steel Engravings. Printed on superior toned paper. Cloth, gilt edges, 
3/-; malachite, 10/5. New Edition. 

GRAY'S (Thomas) POETICAL WORKS. With 

Life by the Rev. John MiTford, and Essay by the Eakl of CARLISLe. 
With Portrait and numerous Engravings on Steel and Wood. Ele- 
gantly printed on toned paper. Cloth, gilt edges, 5/- ; malachite, i3/6. 
Eton Editiou aiith the Latin Poeins. 

HERBERT'S (George) POETICAL WORKS. 

With Memoir by J. NiCHOL, B.A., Oxon., Prof, of English Literature in 
the University of Glasgow. Edited by Charles Cowden Clarke. 
Antique headings to each page. Cloth, i>ilt edges, 3/* ; malachite, 10/6. 

KEBLE (Rev. John); THE CHRISTIAN YEAR. 

"■'" ' "emoir by W. Temple, Portrait, and Eight beautiful Engravings 
. Cloth, gilt edges, 5/-; malachite, 12/e. 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. Full-page lUus- 
ttations after WeHNEET, Weir, &c. Toned paper. Cloth, gilt edges, 
3/- ; malachite, 10/6. 

Oilier Viiliwies in preparation, 

FINDEN'S FINE ART WORKS. 
BEAUTIES OF MOORE; being a Series 

Portraits of his principal Female Characters, from Paintings by eminent 
Artists, engraved in the highest style of Art by Mr. Edward Findbn, 
with a Memoir of the Poet, and descriptive letter-press. Folio. Cloth 
gilt and gilt edges, 42/- 

DRAWING-ROOM TABLE BOOK (The) ; a 

Series of 31 highly- finished Steel Engravings, with descriptive Tales by 
Mrs. S. C. Hall, Marv Howitt, and others. Folio. Cloth gilt and 
gilt edges, 21/- 
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■ ILLUSTRATED PUBLICATIONS. ^^^^ 

GALLERY OF MODERN ART (The) ; a Series 

of 31 highly-finished Steel Engravings, with descriptive Tales by Mrs. 
S. C. Hall, Mary Howitt, and others. Folio, Cloth gilt and gilt 
edges, 21/- 

GOLDSMITH'S (Oliver) COMPLETE POET- 

ICAL WORKS. With a Memoir by William Spalding, A.M., Pro- 
fessor of Logic and Rhetoric in the University of St. Andrew's. Portrait 
and numerous Illustrations on Steel and Wood. Fcap. 4to. Most 
elaborately gilt, cloth, 5/- 

GRAEME (Elliott) : BEETHOVEN : a Memoir. 

With an Essay (Quasi Fantasia) " on the Hundredth Anniversary of hia 
Birth," and Remaikson the Pianoforte Sonatas, with hints to Students. 
By Dr. Ferdinand Hiller, of Cologne. Neui Edition inpriparation. 

"This elegant and interEstlai; Memoir The nettest, pTEtlicst, and niott 

readable slietcS of the immonal Maiter of Music."— if iisiiwi Slaniari. 

"Thia delightful lime booi-^oacise," sympalheiig, yiiicimi.-'—ManchaUr 
Esaminir. 

pltiisBnteitM«nm°°o[T«:t^ovm'p"bl?S?di'nEn^and."— Oi^ ^ 

«dmirer"orih"gteatVonoS'oel!"— £dinerirsa'i)fl°;>fi(iJ?™.' ' "" ^ 

GRAEME (Elliott) : A NOVEL WITH TWO 

HEROES. In z vols., post 8vo. Cloth, aj- Second Edition. 



HOGARTH : The Works of William Hogarth, in 

a Series of One Hundred and Fifty Steel Engravings by the First 
Artists, with Descriptive Letterpress by the Rev. John Trusleh, and 
Introductory Essay on the Genius of Hogarth, by James Hannav. 
Folia. Cloth, gill edges, 52/6. 

KEBLE (Rev. John) : THE CHRISTIAN YEAR; 

or Thoughts in Verse for the Sundays and Holydays throughout the 
Year. With a Memoir of the Author by W. Temple, Portrait, and 
Sixteen beautiful Illustrations on Steel, after Tdhneb, Robehts. 
Howard, Johannot, and other Matters. 4to., toned paper. Cloth 

Sit, elegant, i:z/6; morocco antique, 25/-; unique walnut binding, 21/- 
iw Edition. 

KNIGHT (Charles) : PICTORIAL GALLERY 

(The) OF THE USEFUL AND FINE ARTS. Illustrated by nu- 
merous beautiful Steel Engravings, and nearly Four Thousand Wood- 
cute. Two vols., folio. CtoCb gift and gilt edges, 42/' 



^^" CHARLES GRIFFIN S- COMPANY'S 
KNIGHT (Charles) : PICTORIAL MUSEU& 

(The) OF ANIMATED NATURE. Illustrated mth Four That 
Woodcuts. Two vols., folio. Ctoth gilt and gilt edges, 35/- 

MILLER (Thomas, Author of " Pleasures of 9I 

Country Life," &c.) ; THE LANGUAGE OF FLOWERS. Willi J 
Eight beau lifully-co loured Floral Plates. Fcap. Svo. Cloth, gilt edgcB, M 
3/6. FourUtHlh Thousand. 

In which thou ivilt find many^a lovely saying 

MILLER (Thomasjr THE LANGUAGE OF J 

FLOWERS. Abridged from the larger work by Thomas Mii.lbk.1 
With Coloured Frotitispiece. Limp cloth, 6d. Cliiap EdUi" 

SHAKSPEARE : THE FAMILY. The Dramatic 

Works of WILLIAM SHAKSPEARE, edited and expressly adapted 
for Home and School Use. By Thomas Bowdler, F.R.S. With 
Twelve beautiful Illustrations on Steel. Crown Svo. Cloth gilt, 8/- ; 
morocco, elegant, 15/- 

%' This unique EditioH of the great dramatist is admirakly mittdfor 
hamt use; ahtU objectionable phrases have bcin expurgated, «o rash 
liberties have been taken aith the text. 

SHAKSPEARE'S DRAMATIC & POETICAL 

WORKS. Revised from the Original Ediciong, with 3 Memoir and 
Essay on his Genius by Babry Cornwall. Also Annotations and 
Introductory Remark? on Wis Flays, by R. H. Horne and other eminent 
writers. With numerous Woodcut Illustrations and Full-page Steel 
Engravings, by Kenny Meadows. Three vols., super-royal Svo. Cloth 
gilt, 42/- Tenth Edition. 

SHAKSPEARE'S WORKS. Edited by T. O. 

Halliwell, F.R.S., F.S.A. With Historical Introductions, Notes 
Explanatory and Critical, and a series of Portraits on Steel. Three 
vols., royal Svo. Cloth gilt, 50/- 



SOUTHGATE (Henry) : MANY THOUGHTS 

OF MANY MINDS: being a Treasury of Reference, consiEting ot 
Selections from the Writings of the most celebrated Authors, compiled 
and analytically arranged by Henry Southgate. Toned paper, square 
Svo. Cloth gilt, elegant, 12/G ; morocco antique, 21/. Twenly-lhird 
Thousand. 

" Destined la take b high place among boakB of Itiis clasi."— JVoMi and Qun 
■• A Iteabnre to evEry reader who may be tortunale eooagh 10 poiBOlB it.-'— J 

""The'aMLmiflaHmi of Ireaiurcs truly wondcrfiii."— MomiNE HtraW. 
" Thi! ii a wondtouB boo)c.-— Daily Snoi. 
" Worth its wclghl in gold to literary meo.'— Builder. 
•■ More valuabS to the preacher than many mote technical aidi."— Cfci 

*'- "^qHthB"'''' volnrae is entitled to ■ place in every lawyer's libiuy,"- 



SOUTHGATE (Henry) : MANY THOUGHTS 

OF MANY MINDS. Second Series. Square Svo, toned paper. 
Ciolh gilt, elegant, 12/6 ; morocco antique, zi/- Stcond Edition. 



Edinburgh Daih R. 
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TIMES (John, F.S.A., Author of "The Curiosities 

of London," &c.) : PLEASANT HALF-HOURS FOR THE 
FAMILY CIRCLE. Containing Popular Science, Thoughts for Times 
and Seasons, Oddities of Histoid, Characteristics of Great Men, and 
Curiosities of Animal and Vegetable Life. Fcap. Svo. Cloth gilt, and 
gilt edges, 3/- Second Edition. 



VOICES OF THE YEAR (The) ; Or, the Poet's 

Kalendar. Containing the choicest Pastorals in 'our Language. Pro. 
fusely Illustrated by the best Artists. In bevelled boards, elaborately 
ornamented and gilt, 12/6. 

WANDERINGS IN EVERY CLIME; Or, 

Voyages, Travels, and Adventures All Round the World. Edited hy 
W. F. AinawoRTH, F.R.G.S., F.S.A., &c., and embellished with up- 
wards of Two Hundred Illustrations by Ihe first Artists, including 
several from the master pencil of Gustave Dohe. Demy 410, Boo 
pages. Cloth and gold, bevelled boards, ji/- 

WYLDE (James, formerly Lecturer on Natural 

Philosophy at the Polytechnic) : THE MAGIC OF SCIENCE: A 
Manual of Easy and Amusing Scientific Experiments. With Steel 
Portrait of Faraday and many hundred Engravings. Crown Svo. Cloth 
gilt, and gilt edges, 5/- Third Edition. 



a v>luB to fnmiib work for idle tamnd 
in Df Modern Science ire hen nnlbJdei 
V to connnict ■ GilVMnic Billery. bow 1 
trodacc one by El«tni(ypme, hew to m; 
le the etemenK of Mecbjinlu are cxph 
inmechinicsl of miniU must underatai 
bigheit praiie."— rAi Graphic. 
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CHARLES GRIFFIN &■ COMPANrS 



Works of General Interest and Utility. 



BEST OF EVERYTHING. By the Author of 1 

'■ Enquire Within." CrawnSvo. Clntli, 2/6. 

BROUGHAM (The Life of Lord). His Career as I 

a Statesman, a Lawyer, and a Philanthmpisl, from authentic sources, f 
By John McGilchrist. With a line Portrait on Steel. Fcap. Svo-.-J 
Cloth, 2/6. ■ 

CHRISTISON'S (John) COMPLETE SYSTEM 

OF INTEREST TABLES at 3, 4, 4i and 5 per Cent.; Tables of 
Exchange or Commission, Profit and Loss, Discount, Clothiers', Malt, 
Spirit and various other useful Tables. To which is prefixed Che Mer- 
cantile Ready Reckoner, containlne; Reckoning Tables from one thirty- 
second part of a penny to one pound. G really enlarged, iimr " '■ 

in leather, 4/6. New Edition. 



THE WORKS OF WILLIAM COBBETT. 

THE ONLY AUTHORIZED EDITIONS. 

COBBETT (William) : ADVICE TO YOUNG 

MEN and (incidentally) to Voung Women, in the Middle and Higher 
Ranks of Life. In a Series of Letters addressed to a Youth, a Bachelor, 
a Lover, a Husband, a Father, a Citizen, and a Subject. Fcap. Svo. 
Cloth, 2/6. New Edition. 



" Cobbetl's ercit qiialili< 



' Enelish LI 



, COBBETT {William): COTTAGE ECONOMY. 

L Containing information relative to the Brewing of Beer, Making of 

I Bread, Keeping of Cows, Pigs, Bees, Poultry, &c. ; and relative to other 

I mailers deemed useful in conducling ihe aflaits of a Poor Man's Family. 

■ New Edition, Revised by the AuAoi'a Soi\. Yti^. ^nq. Cloth, »fi. 

■ £i£iee£iUh Edition. " 



I 
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GENERAL PUBLICATIONS. 



COBBETT(Wm): A LEGACY to LABOURERS; 

An Argument showing the Right df the Poor to Relief from the Land. 
With a Preface by the Author's Son, John M, CoBBETT, M.P. for 
Oldham. Fcap. 8vo, Cloth, i/6. Nem Edition. 



ittong, rBcy Unguagt"— iiiiHic Opinimt. 

COBBETT (Wm.) : A LEGACY to PARSONS ; 

Or, Have the Clergy of the Established Church an Equitable Right to 
Tithes and Church Property ? With a New Preface by the Author's 
Son, W. COBBETT. Fcap. Svo. Cloth, i/6. Ncui Edition. 

"The raosl powerful work of the grealesl master pf poiitical conlroversy this 
country bu ever produced ."-Poll Mall CmMII. 

COBBETT (Wm.) : EDUCATIONAL WORKS. 

(See page 15). 



COBBETT (Miss Anne): THE ENGLISH 

HOUSEKEEPER ; Or, Manual of DomeEllc Management, Containing 
Advice on the Conduct of Household Affairs, and Practical Instructions, 
intended for the Use of Young Ladies who undertake the superin- 
tendence of their own Housekeeping. Fcap. Svo. Cloth, 3/6. 

COOK'S VOYAGES. VOYAGES ROUND 

THE WORLD, by Captain Cook. Illustrated with Maps and numer- 
ous Engravings. Two vols. Super-royal !ivo. Cloth, 30/- 

COWDY (Rev. Samuel, F. R. Hist. Society) : 

HEAVENWARD HO; Or, Story Coxen's Log. Crown 8vo. 
Cloth. 5/. 



CRAIK (Prof.) : A COMPENDIOUS HISTORY 

OF ENGLISH LITERATURE, AND OF THE ENGLISH LAN- 
GUAGE FROM THE NORMAN CONQUEST. With numerous 
Specimens. By George L. Chaik, LL.D. (late Professor of History 
and English Literature, Queen's College, Belfast). In two large vols. 
Royal 8vo. Handsomely bound in cloth, 15/-; in full calf, 37/6. Ntm 
Edition. 

■■ ProfMBOT Crsik'i bgok going, u it does, Ihron^ the whole hlslorj o( the 
IjinguiEe, probibly takea B place quTle by ilseU. The ereat, value of the book is lu 

'" " p7o^n Cralli hiu mcceed^d io'miki'og a book more than usually agreeible."— 
The Tinus." 

CRAIK (Prof.): A MANUAL Q^ "S.UCiVXSJa- 

LITERATUKE. (Sec page 16V 



a8 CHARLES GRIFFIN S- COMPANY'S 

DALGAIRNS (Mrs.): THE PRACTICE OF 

COOKERY, adapted to the business of Every-day Life. By Mrs. 
DalgairNS. The best book for Scotch dishii. About Fifty new Receipts 
bave been added to the preseot Edition, but only such as the Author 
has had adeijuate means of ascertaining to be valuable. Fcap. 8vD. 
Cloth, 3/6. Sixteenth Edition. 

" This is by far the moat compte» and truly pr>i:tiul noik which bss yet appeared 
on the SDbject. It will be found an mfollible 'Cook'i Companion,' and a Ireaiure ol 
gical price to the miilteai ot a tiiai\y."—EdiHbutgk Liltrtry Journal. 

DONALDSON (Joseph, Sergeant in the 94th Scots 

Regiment): RECOLLECTIONS OF THE EVENTFUL LIFE OF 
A SOLDIER IN THE PENINSULA. Fcap. 8vo. Cloth, 3/6; 
gilt sides and edges, 4/- Nem Edition. 

EBUCATION OF MAN : A Suggestive Dis- 

the Soul: What it is, and how trained. With an Appen- 



fl«</«i Tim,,. 

" Tbi wiJHr is an acnte and, on Ibe whole, a remarkably impardal thinker. The 
^i^om'^h^ffiMDaltsriUpaplJ " ""'"'' " "»■' etive pro t 

ENGLISHWOMAN'S LIBRARY (The): A Series 

of Moral and Descriptive Tales. By Mrs. Ellis. Clolb, each voluniB, 
2/5 ; with gilt backs and edges, 3/- 

I,— THE WOMEN OF ENGLAND: Their Social Duties and 

Domestic Habits. Thirty-ninth Tkouiniid. 

2.— THE DAUGHTERS OF ENGLAND: Their Position in 

Society. Character and Responsibilities. Twentieth 'Thousand' 

3.— THE WIVES OF ENGLAND: Their Relative DuUes, 

Domestic Influence and Social Obligations. Eighteenth Thou- 

4,— THE MOTHERS OF ENGLAND: Their Influence and Kc- 

sponsibilitiefi. Twentieth Thousand. 
5,— FAMILY SECRETS ; Or.Hinte to make Home Happy. Three 

vols. Twenty-third Thousand. 
6.— SUMMER AND WINTER IN THE PYRENEES. Tnlh 

Thousand. 
7.— TEMPER AND TEMPERAMENT; Or. Varietica of 

Character. Two vols. Tenth Thousand. 
8,— PREVENTION BETTER THAN CURE; Or. The Mora! 

Wants of the World we live in. Twil/th Thousand. 
-HiTiPTC ATun HnMnc . nr sn-f,,! n;,..:™.-.: -^ Three 



GENERAL PUBLICATIONS. ng 

FISHER'S READY RECKONER. The best in 

the world. iSmo. Bound, i/6. Nia. EdUion. 

GILMER'S INTEREST TABLES : Tables for 

2, 3i, 3, 3i, 4, 4J, 5 and 6 per Cent. By Robert Gilmer. Corrected 
and enlarged. i2mo. Roan lettered, 5/- Siilh EdUion, 

HENDERSON'S FRACTIONAL RECKONER. 

32mo. Cloth, 6d. 

HENDERSON'S READY RECKONER. 

32mo. Roan, 6d. 

HENDERSON'S TRADE TABLES. 32mo. 

Cloth, 6d. 

HENDERSON'S UNIVERSAL RECKONE: 

iSmo. Cloth, 2/6. 
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JEWRY (Mary) : EVERYDAY COOKERY. 

Containing nineteen hundred Receipts. With coloured Illustrations. 
Crown 8vo. Cloth, 2/6. 

MACKEY'S FREEMASONRY : A Lexicon of 

Freemasonry. Containing a Definition of its Communicable Terms, 
Nolicesof its History, Traditions and Antiquities, and an Account of 
all the Rights and Mysteries of the Ancient Worid, By Albert G. 
Mackey, M.D., Secretary-General of the Supreme Council of the U.S., 
&c. Handsomely bound in cloth, 5/- 
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OCCULT SCIENCES (Compendium of the): Con- 
taining tlie Traditions and Superstitions of Past Times. s.n6 the Marvels 
of the Present Day, in a Series of Historical Sketches. By the Rev. 
Edward Smedley, M.A., E. Rich, Esq., and other Contributors. 
Crown 8vo. Clolh, 6/- 



LONDON LABOUR AND THE LONDOS 

POOR : A Cyclopicdia of Ihe Condition and Earnings of those ih^ 
will viork and those that cannot wori. By Henry Mavhew. With 
manyfull-page Illustrations from Photograph?. Inthreevols. Demy gvo. 
Cloth, 4/6 each. 



:, in wbkh Mr. Uayhew %i 



though I o( 






The Extra Volume. 

LONDON LABOUR AND THE LONDON 

POOR : Those that will not work. Comprising the Non-workets, 
by Heshv Mavhew ; ProBliiuies, by Bracebrioge Hemvnq ; 
Thieves, by John Binnv ; Beggars, bj- A norew Hallioav. With 
an Introductory Essay on the Agencies at Present in Operation 
in the Metropolis for the SnppreSBion of Crime and Vice, by the Rev. 
William Tuckniss, B.A., Chaplain to the Society for the Rescue of 
Voung Women and Children. With lUustrationa ofScenes and Locali- 
ties. In one large vol. Royal 8vo. Cloth 10/6. 

"Theworkisfullof inlcrealiog raslttr for Ihe CBSual rtader, while Ihe phibn- 
IhropiBt and the pliilosopher wJll find dEUila of Ihe grculeal impon."— Cilj' Pris!. 

Companion Volume to the above. 

THE CRIMINAL PRISONS OF LONDON, and 

Scenes of Prison Life. By H^ry Mavhew and John Binny. Illus- 
trated by nearly two hundred Engravings on Wood, principally from 
Photographs. In one large vol. Imperial 8vo. Cloth, io/5. 

Contents ; — General View of London, its Population, Size and 
Contrasts — Professional London — Criminal London — Penton- 
ville Prison— The Hulks at Woolwich— Mill bank Prison— The 
Middlesex House of Detention— Cold bath Fields— The Middle- 
sex House of Correction, Tolhill Fields— The Surrey Houae 
of Correction, Wandsworth — Newgate— Horsenionger Laiie~ 
Clerkenwell. 
'•ThisvolDnic concludes Mr. HcniyMayhew'Biccount of his rcieBTchcB iDtD the 
crime Htid povtrty of London, f he Binount of labour of one kind or other. 



THOMSON (Spencer, M.D., L.R.C.S.. Edinburgh). 

A DICTIONARY OF DOMESTIC MEDICINE AND HOUSE- 
HOLD SURGERY. Thoroughly revised and brought down to the 
present state of Medical Science. With an additional Chapter on the 
Management of the Sick Room. Many^ lUustrations. Demy 8 
pages. Cloth, 8/6. Tenth Edition. 

■■ Worth irs weight in eoW 10 t.mil\« mi ft.-: iWH^'-O'lo'iUf'Ji^ 




GENERAL PUBLICATIONS. 
1 TIMES (John, F.S.A., Author of " The Curiosities '' 

of London," &c.) SHILLING MANUALS; A Series of HandBooks, 
containing Facts and Anecdotes interesting to all Readers. Fcap, 
Evo. Neat cloth, one shilling each. Second Edition. 

I.— CHARACTERISTICS OF EMINENT MEN. By John 
TiMBS. Bound in neat cloth, price i/- 
■' ll ia impossible lo dip iiHQ this booHet without finding sc 
thai will bear repeating."— iJ.t^tW Daily Tclcerafh. 

II.— CURIOSITIES OF ANIMAL AND VEGETABLE LIFE. 
By John Times. Neat cloth, price i/- 



[.— ODDITIES OF HISTORY AND STRANGE STORIES 
FOK ALL CLASSES. Selected and compiled by Jol 
Times. Neat cloth, price r/- 



1 thefr 



e snd? 



iltbUTth Daily Review. 

IV.— ONE THOUSAND DOMESTIC HINTS on the Choio*. 
of Provisions, Cookery and Housekeeping; New Invent" 
and Improvements, and various branches of Household 
Management. Written and compiled by John Times. Neat 



■■^!- 



laid out 



laisa 



v.— POPULAR SCIENCE. Recent Researches on the Sun, 
Moon, Stars and Meteors; The Earth; Phenomena of Life; 
Sight and Sound; Inventions and Discoveries. Familiarly 
Illustrated. Written and compiled by John Timbs. Neat 
cloth, price i/- 

" Will be found ahnndsnt ia much out of the ugy in^rmntion on alnioit evny 
conceivable topic, where the popular mind Is for the moat part in error,"— £ir«ting 




TWENTIETH THOUSAND. 

Large Sbo., Ctolh, ailh 150 lUuitraiioiis, 8j. 6ii. 

A DICTIONARY OF 

DOMESTIC MEDICINE 

AND HOUSEHOLD SURGERY. 

SPENCER THOMSON, M.D., Edin., F.R.C.S. 

Thoroughly revised and brought down to the present stale of Medical ScUnci. 

With Appendix on the Management of the Sick-room, and many Hints for (A* 

Diet and Comfort of Invalids. 

Fkom the Author's Prefatory Address. 
" Without entering upon that difficult ground vhich correct profeEaional 
knowledge, and educated judgment, can alone permit to be safely trodden, 
there is a wide and extensive field for exertion, and rnr usefulness, open to 
the unprofesEional, in the kindlj' offices of a true Domestic Medicine , the 
timely help and solace of a simple Household Surgery, or better still, in the 
watchful care more generally linown as " Sanitary Prtcaution," which tends 
rather to preserve health than to cure disease. " The touch of a gentle 
hand " will not be less gentle because guided by knowledge, nor will the jo/i- 
domestic remedies be less anxiously or Carefully administered. Life may be 
saved, suffering may always be alleviated. Even to the resident in the 
midst of civilization, the " knowledge is power " to do good ; to the settler 
and the emigrant it is Invaluable. 

I know well what is said by a few, about injuring the medical profession, 
by making the public their own doctors. Nothing will be so likely to make 
" long cases " as for the public lo attempt any such folly ; but people of 
moderate means — who, as far as medical attendance 13 concerned, are worse 
off than the pauper— will not call in and fee their medical adviser for every 
alight matter, and, in the absence of a little knowledge, Tuill have recourse 
to the prescribing druggist, or to the patent quackery which flourishes upon 
ignorance, and upon the mystery with which some would invest their calling. 
And not patent quackery alone, hut professional quackery also, is less likely 
to find footing under the roof of the intelligent man, who, to common sense 
and judgment, adds a little knowledge of the whys and wherefores of the 
treatment of himself and family. Against that knowledge which might aid 
a sulTerer from accident, or in the emergency of sudden illness, no humane 
man could offer or receive an objection." 

Notices of the Press. 
appciAi.'— The Lmdonynamal a/ tlfiicifn.^ "* 1 j, 

ft«P{nJkn™".Se"-rL|Sw y"umal7f">f''^'^l''^i,n'ce' "'*" '"""'"' "^ ""'°^ ^^ 
r^ei in thii work is lurpriGin'g."— ri« Uidial 
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